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N oil burning steam locomotive recently estab- 
lished what is believed to be the longest con- 
tinuous run by steam locomotive in regular 
passenger service. Santa Fe engine No. 3461 has 
made the 2,227-mile run from Los 
Railroads Angeles to Chicago at an average 
speed of 45 miles per hour. Ordi- 
narily the train on this route requires four loco- 
motive changes for the route includes some of the 
steepest grades to be found on any railroad in this 
country. 

Through the use of oil-burning engines the rail- 
roads are meeting modern demands for increased 
speed. Fast, clean-burning and efficient fuel oils 
and automatic lubrication are important factors in 
the new high-speed engines. 


Recognizing the importance of this trend the 
petroleum refining industry has developed new 
types of fuel oil to meet the demand of the rail- 
roads. More than 55,000,000 barrels of these fuel 
oils, available in several different grades, are used 
by the railroads every year. More than 6,000 oil- 
burning locomotives, including the Diesel-electrics, 
are powered by petroleum fuels. 

The development of automotive type of lubrica- 
tion for locomotives is an outgrowth of the swing 
toward longer and faster runs. Locomotives 
equipped with mechanical lubricators need less 
terminal servicing. Special lubricants prepared by 
the refining industry keep the engines running 
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smoothly at climatic temperatures which may 
vary over a range of 100 degrees on a single trip. 

New fuels and special lubricants produced by 
the petroleum refining industry thus are speeding 
the railroads towards their goal of fast, economical 
and comfortable travel. 


IGHTEEN cents of every dollar received in 
1937 by American oil companies from their 
customers was required for federal, state, and 
local taxes, according to estimates made by the 
American Petroleum Industries Com- 
Taxes mittee. Analysis made by the committee 
of the 1937 financial statements of 29 
representative companies shows that these tax 
payments amounted to $972,317,838. Included were 
direct taxes on the operations and properties of 
the companies, as well as the indirect taxes on 
gasoline and lubricating oil. More than 60 percent 
of the oil company receipts went into payrolls and 
for materials and supplies purchased from scores 
of other industries. 

Representative reports indicate that tax costs of 
the 29 companies last year exceeded wage pay- 
ments. For one company, taxes amounted to nearly 
17 cents of the gross-receipts dollar, as compared 
with 13 cents in direct labor costs. Another com- 
pany reported that taxes were twice as high as 
payrolls. A third computed taxes at $3,365 per 
each employee for the year. Dividends of the 29 
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companies were only one fourth of the taxes, 
comprising less than 5 cents of the customer’s 
dollar as compared with the 18.5 cents for taxes. 

Gasoline taxes collected by the states last year 
hit a new record high of $756,930,000 last year, a 
gain of $69,299,000 over 1936, and an increase of 
$498,091,000 during the past ten years. New York 
led the states with $61,841,000 in gasoline-tax col- 
lections in 1937, a gain of $6,206,000 over 1936. 
Pennsylvania was second with $55,711,000, fol- 
lowed by California, $46,614,000; Ohio, $46,538,- 
000; Texas, $41,671,000 and Illinois $35,836,000. 

Since 1927 the average annual state gasoline tax 
burden per motor vehicle in the United States 
has more than doubled. In 1927, when 23,133,000 
motor vehicles were registered in this country, 
$258,839,000 was collected in state gasoline taxes. 
In 1937 the number of motor vehicles had grown 
to 29,700,000, an increase of approximately 20 
percent over 1927, but state gasoline tax costs had 
increased by $489,091,000 to a total of $756,930,000, 
or nearly three times the amount collected a 
decade ago. 

3esides paying state gasoline taxes, which were 
collected by the oil companies, these companies 
collected an additional $203,025,000 in federal 
taxes in 1937. Apparently the oil industry is not 
only a leading taxpayer among all industries but 
is likewise one of the best of tax collectors, which 
work adds greatly to the burden of doing business 
and aids not at all in efforts toward profitable op- 
erations. 


GAIN this month THe REFINER continues its 
established policy of publishing the important 
technical papers presented before the mid-year meet- 
ing of the American Petroleum Institute, Division of 
Refining, held at Wichita, Kansas, late in 

A.P.I. May. A dozen of these discussions, each 
correlating and bringing down to date 

technical and engineering information on a given sub- 
ject, are included in this issue, all under one cover. 
The program committee arranging for these ex- 
cellent papers and the authors presenting them, 
and the various companies permitting their prep- 
aration and presentation are to be complimented, 


for this program proved to be one of the strongest, 
technically, that the institute has presented for 
some time. 

Because of the growing use of polymerization 
processes and other systems using refinery gases 
which must be clean of hydrogen sulfide, the 
Division of Refining studied the various gas puri- 
fication processes available. Thus, in this issue is 
presented latest information regarding the design, 
operation and performance ‘of such processes as 
the sodium phenolate system, the Girbotol process, 
the Shell phosphate process, and the I. G. Alkacid 
and I. G. Claus processes. Much of this data has 
néver before been published. 

Likewise because of the growing interest in de- 
salting and the variety of fine results to be secured 
through the removal of salts before petroleum is 
refined, the division studied the desalting methods 
and two papers are presented in this issue dealing 
with the removal of organic salts and with labora- 
tory control of corrosion of distillation equipment 
and of the desalting processes. 

In a special session given over to the study of 
engineering problems the institute division of re- 
fining studied metallurgical topics which are ever 
of increasing importance to the refiner. From this 
meeting there are presented papers dealing with 
the application of Bailey’s theory to tube-stress 
calculations, nickel-bearing alloys used in petro- 
leum refining, and a discussion of new develop- 
ments in petroleum storage vessels. 

Other topics discussed at the mid-year meeting 
and presented elsewhere in this issue include a 
report of an investigation in which a model sep- 
arator was used for determination of data useful 
in refinery waste water separator design. Another 
topic of interest and value is the discussion of the 
identification and the properties of straight-run 
and cracked residua. In addition one of the major 
companies has permitted dissemination of data 
relative to a process for the catalytic hydrogena- 
tion of octenes to octanes which likewise appears 
in this issue. Next month THe REFINER will pre- 
sent certain papers from the meetings of another 
division of the institute which pertain to certain 
manufacturing problems in the refining branch of 
the industry. 
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The Use of Sodium Phenolate for 


Hydrogen-Sulfide Removal 


G. M. CARVLIN 
Koppers Company, Pittsburgh, Pennsylvania 


URING the last several years there has been a 

rapidly-growing realization that the recovery of 
sulfur from cracking-still gases is an objective merit- 
ing the serious consideration of all refinery operators. 
It is the purpose of this paper to present a general 
review of this subject, with particular reference to 
the Koppers phenolate process in its theoretical as- 
pects and commercial applications. 

Prior to 1936, the primary reason for purifying re- 
finery gas was to prepare it for distribution for do- 
mestic and industrial uses where the presence of 
sulfur would be most undesirable and where legal 
restrictions make the removal of hydrogen. sulfide 
mandatory. The trend toward purification of refinery 
gas has recently been accelerated by the increasing 
importance of three other major influences, viz: 

1. Extensive application of processes for the poly- 
merization of hydrocarbons contained .in refinery 
gas, and the advisability of charging gases low in 
sulfur to these units in order to obviate serious 
corrosion of equipment and to minimize the expense 
of de-sulfurizing the final liquid product. 

2. The development of purification equipment cap- 
able of recovering substantially pure hydrogen sul- 
fide which is readily convertible to sulfuric acid by 
any of the conventional acid manufacturing proc- 
esses. 

3. Maintenance expense for steel parts of furnaces 
and other refinery equipment due to corrosive attack 
of the products of combustion of high-sulfur gases 
when used for fuel. Furthermore, the sulfur dioxide 
and sulfur trioxide released to the atmosphere in 
these flue gases constitute a serious pollution nui- 
sance in many cases. 

Thus it may be demonstrated that sulfur recovery 
constitutes one of those gratifying developments 
which afford an opportunity to recover, as a profit- 
able by-product, a material which has previously 
been one of the most serious nuisances connected 
with refinery operation. 


HISTORICAL 


The first liquid de-sulfurization process, called the 
“Seaboard process,” and employing a solution of 
sodium carbonate, was developed by Koppers Com- 
pany in 1920 for the purification of coal gas. This 
may rightfully be said to mark the beginning of a 
new era in the removal of hydrogen sulfide from gas, 
inasmuch as it substituted for the cumbersome and 
labor-consuming iron-oxide boxes a compact and 
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HE Koppers phenolate process uses a solution 
of sodium phenolate to adsorb hydrogen sul- 
fide from refinery and natural gases. The solution 
is continuously regenerated by means of steam 
vapor, and the hydrogen sulfide is recovered in 
practically pure form suitable for conversion to 
sulfuric acid in a conventional-type acid plant. Acid 
(of 66-deg.-Baume concentration) may be produced 
from a typical refinery gas at a total operating cost 
of $3.25 per ton, with no credit allowed for puri- 
fied gas or for reduction of maintenance or for 
elimination of atmospheric pollution. The invest- 
ment for purification plant and acid plant may be 
amortized in two years in the typical case cited. 
Phenolate-type plants have been in commercial 
operation approximately two years, total installed 
capacity being 55,000,000 cubic feet of gas per day. 
Sulfur-production capacity of these plants is 26,000 
tons per year, equivalent to 75,000 tons of . 66- 
deg.-Baume acid. The process is adaptable to a wide 
range of operating conditions due to flexibility in 
selection of concentrations of the two chemical con- 
stituents, and in. design of equipment. 
Presented at Eighth Mid-Year Meeting, American 
Petroleum Institute, Wichita, Kansas, May 24, 1938. 











substantially automatic method of removing the hy- 
drogen sulfide by a circulating solution. 

Not only was the Seaboard process the pioneer 
liquid-purification process, but it possesses some vir- 
tues of simplicity and economy that make it adapt- 
able to certain conditions today despite the later 
development of other improved processes that are 
more generally useful for most conditions. Some 60 
Seaboard plants have been built to purify various 
kinds of manufactured gases. Fifteen have been built 
to purify natural gas, and installations have been 
made in seven of the largest refineries of the country. 
These plans have, without exception, proved to be 
economical and efficient for the treatment of gases 
containing hydrogen-sulfide concentrations varying 
from 50 grains to 6000 grains per 100 cubic feet (0.1 
to 10 percent), and in the presence of carbon-dioxide 
concentrations as high as 15 percent and oxygen 
concentrations of several percent. 

The Seaboard process has been applied success- 
fully in commercial practice to the removal of hydro- 
gen sulfide from liquid hydrocarbons of various phy- 
sical characteristics, the only modification required 
in the usual gas-purification scheme being substitu- 
tion of a liquid-liquid contactor for the usual packed: 
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or bubble-tray absorber and the addition of a con- 
tinuous separator. 

The two principal faults inherent in the Seaboard 
process are: 

1. Hydrogen sulfide removed from the gas is dis- 
charged from the purification plant as hydrogen-sul- 
fide gas mixed with several hundred times its volume 
of air. Under some conditions this hydrogen-sulfide- 
containing air may be released directly to the atmos- 
phere, or it may be used as combustion air in boilers, 
furnaces, etc. Under no practical conditions may 
sulfur be recovered, so that the Seaboard process is 
essentially only a gas-purification process with no 
by-product credit to offset expenses. 

2. In the purification of the high-sulfur natural and 
refinery gases usually encountered, it is necessary to 
circulate large volumes of solution due to the com- 
paratively low carrying capacity of the weak sodium- 
carbonate solution employed. Inasmuch as_ these 
gases are usually treated at fairly high pressures, the 
power required for circulating solution results at 
times in inordinately high operating cost. 


In an effort to correct these deficiencies, Koppers 
Company developed several so-called “hot-actifica- 
tion” systems using various solutions for absorbing 
the hydrogen sulfide, but all having one common 
feature, viz., that the foul solution from the absorp- 
tion step is regenerated by boiling, whereby the 
sulfur is expelled as practically pure hydrogen-sul- 
fide gas saturated with water vapor. The absorbents 
we have used are all fairly concentrated solutions of 
alkaline reagents having a high carrying capacity 
for hydrogen sulfide, such as sodium carbonate, 
potassium borate, magnesium hydroxide, and sodium 
phenolate. The later reagent is the most recently 
developed, and has had the most extensive practical 
application. 

The general class of purification processes de- 
signed to recover hydrogen sulfide in the form of 
elemental sulfur should receive brief mention here. 
These processes which have been applied commer- 
cially by Koppers Company to the purifiaction of 
manufactured gases have met with considerable suc- 
cess, both in this country and abroad. The three most 
important processes in this group use alkaline solu- 
tions containing iron, nickel, and arsenic salts; and 
all utilize a similar principle of operation. The foul 
solution is regenerated by contacting with air, where- 
upon sulfur is liberated in finely-divided form and 
separated from the solution as a froth—which is 
further de-watered and sold in the form of paste con- 
taining about 50 percent water. This sulfur paste 
has found wide acceptance as a fungicidal spray, and 
commands a considerably higher price than natural 
sulfur in its various commercial forms. 

Elemental-sulfur recovery processes have not as 
yet been applied to the treatment of refinery gas— 
although such application is being seriously con- 
sidered by some refiners, particularly for the treat- 
ment of gas under low pressure or for the conversion 
of hydrogen sulfide, produced by the hot-actification 
processes, to elemental sulfur. 


THEORY OF THE PHENOLATE PROCESS 


The ideal liquid for absorbing an acidic gas such 
as hydrogen sulfide is obviously a strongly-alkaline 
solution; and, consequently, sodium-hydroxide solu- 
tions have long been used for the purpose. It is well 
recognized, however, that regeneration of the re- 
sultant sodium-hydrosulfide solution is not economi- 
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cally feasible due to the huge quantities of steam or 
other energy input required. This energy require- 
ment may be brought within reasonable limits by 
adding to the caustic solution an auxiliary acidic 
constituent which has an acidity less than that of 
hydrogen sulfide at normal temperatures. A great 
many acids meet the condition, but there is another 
very important condition to be met that distinctly 
limits the number of acidic compounds available. 
Unfortunately, hydrogen sulfide has the property of 
increasing in acidity with temperature, so that it 
tends to be held more firmly by the sodium hydrox- 
ide at the boiling temperature—and it is a necessary 
function of the auxiliary acidic constituent to over- 
come this tendency. This can be accomplished by 
using an acid which will increase in acidity with 
temperature rise at about the same rate as the hydro- 
gen sulfide. Under these conditions, the auxiliary 
acidic constituent will tend to “crowd out” the hy- 
drogen sulfide on actification at the boiling tem- 
perature. 

The above desirable conditions are admirably met 
by certain phenols as shown by the fact that the 
electrolytic dissociation constant of phenol is 1.3 
10°, while that of hydrogen sulfide is 5.7 « 10°. 
This shows that the phenol is a considerably weaker 
acid than hydrogen sulfide at normal absorption 
temperatures, and thereby satisfies the first condition 
named above. Furthermore, the increase in acidity 
of phenol with temperature rise is almost exactly the 
same as that of hydrogen sulfide, as shown by the 
fact that the molecular heat of electrolytic dissocia- 
tion of phenol is —6100 calories, while that of hydro- 
gen sulfide is —6060 calories. Thus it may be seen 
that the use of sodium-phenolate solution for gas 
purification is theoretically sound, and that the fol- 
lowing reaction is readily reversible within the limits 
required in practical application: 


NaOC.H; + H2aS = NaHS + C.H;OH 


APPLICATION OF THEORY TO DESIGN 
OF PLANTS 

The use of a solution, containing in combination 
an absorption agent and an auxiliary acidic con- 
stituent as described above, permits a wide flexibility 
in the choice of solution for any given set of operat- 
ing conditions. For example, if the gas contains only 
a small amount of hydrogen sulfide, and a very high 
degree of removal is desired, the solution selected 
will be one containing a fairly low concentration of 
caustic and proportionately high concentration of 
phenol in order that the solution entering the ab- 
sorber will be actified to the low hydrogen-sulfide 
equilibrium required. On the other hand, if the gas 
contains a high concentration of hydrogen sulfide and 
the primary object is to recover sulfur, the solution 
selected will contain a comparatively high concen- 
tration of caustic with a low ratio of phenol to caus- 
tic. In general, the phenolate process requires solu- 
tion circulation rates amounting to only about one- 
thirtieth of the rates required by the Seaboard proc- 
ess. 

The Koppers two-stage phenolate process has been 
developed to effect the maximum steam economy in 
instances where large quantities of sulfur are to be 
removed, and where the steam or other heat con- 
sumption is a vital item in the operating expense. 
The two-stage process is recommended also in cases 
where virtually complete removal of hydrogen sul- 
fide is required. 

Figure 3“contains a chart showing the relations 
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TWO-STAGE SYSTEM 
Single- 
Stage Primary Secondary Total of 
System Stage Stage Both Stages 
Grains hydrogen sulfide per 100 cu. ft. in inlet gas.......... 0... cece eee cee eee teen eeee 6,000 6,000 2,000 - 6,000 
Grains hydrogen sulfide per 100 cu. ft. in outlet gas... 0... kc eee eee eee eee 80 2,000 80 80 
ee esd o-6.c 6G Lode 66s adie boda dS Oo pede Meee wes eh 5,920 am 1,920 5,920 
Grains hydrogen sulfide per gallon of fresh solution............... 0200s cece eee cece eee eeeeee 3,800 6,7 ,800 sae 
Grains hydrogen sulfide per gallon of foul solution.................. 0c cece eee e eee ee ee ee eeee 7,460 7 gen: 6,770 eva 
Geminin TyPeiees HN ET I OF COUN 86.5 i ic ccc cece at eccccsersesecseces 3,660 90 2,970 xed 
Grains hydrogen sulfide per 100 cu. ft. of steam entering actifier............. 0.0.0 cece eens 0 3,000 0 0 
Grains hydrogen sulfide per 100 cu. ft. of steam leaving actifier............. 0.0.00 2 eee eee 4,500 9,000 3,000 9,000 
_~ Grains. yGeeens Gules DET GUNG TOE GF GECRT So i tc ccc ccc cece cee ces secsveees 45 60. 30, 90 
Se ae ee Sy HS Ws Or I ok ooo. coco s cob cb cee sekdewnesvves pee begis 52.6 26.7 25.6 26.7 
DEPHLEGMATOR VENT TANK 
T-INDICATING THERMOMETER 
R-RECORDING THERMOMETER 
P-PRESSURE GAUGE 
WATER=- M-RECORDING FLOWMETER 
W -THERMOMETER WELL 
WATER — — > H,S VAPOR 
ACTIFI 
L, «WATER 
—> WATER 
TEMPERATURE SOLUTION COOLER 
SODA & CONTROLLER ‘ 
MIXING TANK STEAM —— WATER 
eq t 
+ yap 
HEAT EXCHANGER set 
7 ENUTATIOAIAD 
p77 ot tty+GAS OUT 





FIGURE 1 
Flow Diagram of Single-Stage Phenolate Process. 


between partial pressures of hydrogen sulfide and the 
hydrogen-sulfide content of the solution under the 
conditions existing in the absorption and actification 
stages for both the single-stage and two-stage sys- 
tems. This chart is based on a set of operating con- 
ditions which is fairly typical of refinery-gas purifica- 
tion. The gas to be purified contains 6000 grains of 
hydrogen sulfide per 100 cubic feet, and the exit gas 
contains 80 grains per 100 cubic feet measured at 
the actual pressure existing in the absorber. The 
solution used in this case contains 4 moles of sodium 
hydroxide and 2.5 moles of phenol per liter. Curve 
AB in Figure 3 represents the vapor pressure of 
dissolved hydrogen sulfide over this solution at 25° 
C. Curve CD represents the vapor pressure of the 
solution at its boiling point. 

In the specific example which we have taken, the 
hydrogen-sulfide content of the actified solution in 
equilibrium with the exit gas is 3800 grains per gal- 
lon, and that of the foul solution in equilibrium with 
the entering gas is 7460 grains per gallon. The vapor 
pressure of hydrogen sulfide in phenolate solutions 
does not follow Henry’s law; and, as a result, the 
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vapor-pressure curves are strongly bowed. Actual 
operating conditions are illustrated by straight lines 
on the chart. Thus the dotted line FH shows the 
operation of the single-stage absorber, point F cor- 
responding to the hydrogen-sulfide content of gas 
leaving the absorber, and of actified solution in equi- 
librium with it. Point H corresponds to the hydro- 
gen-sulfide content of gas entering the absorber, and 
of solution in equilibrium with it. 

Operation of the primary absorber of the two-stage 
system is illustrated by the line GH, the point G cor- 
responding to the hydrogen-sulfide content of the 
solution entering the primary absorber and the hy- 
drogen-sulfide content of the gas leaving the primary 
absorber. The line FG illustrates the operation of 
the secondary absorber of the two-stage system. 

Slopes of the operating lines (FH, FG, and GH) 
determine the ratio of solution to gas required in the 
absorber for the single and two-stage systems. The 
slope of the line FG, which is comparatively flat, 
corresponds to the low rate of re-circulation in the 
secondary system; while the slope of the line GH, 
which is quite steep, corresponds to a much higher 
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rate of re-circulation in the primary system. The 
solution circulation rate indicated by the line FH 
for the single-stage absorber lies between the rates 
for the primary and secondary absorbers in the two- 
stage system. 

The principal advantage of the two-stage system 
may be seen from a study of the operating lines for 
the actifiers. The line KL represents the operation 
of the single-stage actifier, showing actification of 
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pared to the secondary system. Inasmuch as the 
steam employed in the secondary actifier is later 
used in the primary actifier, and inasmuch as: the 
two systems are in balance as regards steam require- 
ment, the net result is to lower the total steam con- 
sumption for the plant very materially. Table 1 shows 
a comparison of actual steam requirements per 1000 
cubic feet of gas purified for the single and two-stage 
systems according to the given set of conditions. 
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FIGURE 2 
Flow Diagram of Two-Stage Phenolate Process. 


the solution from a concentration of 7460 grains of 
hydrogen sulfide per gallon to 3800 grains per gallon. 
The slope of this operating line is comparatively flat, 
and the distance between KL and the curve CD in- 
creases rapidly as the concentration of hydrogen 
sulfide in the solution increases. This characteristic 
limits the steam economy of the single-stage system, 
and it may readily be seen that the addition of a 
second actification stage causes the operating curve 
of the actifier to approach more closely the vapor- 
pressure curve of the boiling solution. If several 
stages of actification were used, a corresponding 
number of operating lines joining at various angles 
would result—and a still closer approach to the curve 
representing the vapor pressure of the solution would 
be effected. 

Inasmuch as the slope of the line MN is much 
steeper than that of the line KM, it follows that the 
steam required for actification per gallon of solution 
in the primary actification stage is very much less 
than the steam required per gallon in the lower or 
secondary-stage actifier section. Consequently, the 
rate of solution circulation of the primary system is 
relatively high, and the steam required for actifica- 
tion per gallon of solution is relatively low as com- 
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METHOD OF OPERATION 


Operation of the single and two-stage phenolate 
systems is illustrated by flow diagrams in Figures 
1 and 2, respectively. The single-stage system com- 
prises a continuous cyclic operation, similar to the 
familiar system used for absorption and recovery of 
gasoline from natural gas. Gas enters the bubble-tray 
absorber at the base, and leaves at the top after pass- 
ing through a series of bubble-cap trays countercur- 
rent to the flow of actified phenolate solution which 
enters the column on the fourth tray from the top. 
A very small volume of fresh water is introduced 
continuously on the top tray to scrub out and return 
to the solution any chemicals entrained in the gas. 
The foul solution is forced by the gas pressure from 
the reservoir in the base of the absorber through the 
heat exchanger to the top of the actifier column. The 
solution flows down the actifier countercurrent to a 
stream of steam which is released from the solution 
itself by the reboiler in the base of the column. The 
actified solution flows by gravity through the heat 
exchanger to the suction of the circulating pump, 
which forces it through a tubular cooler, and thence 
to the inlet of the absorber—where the cycle again 
begins. 


Refiner & Natural Gasoline Manufacturer—V ol. 17, No. 6 


















Hydrogen sulfide released in the actifier passes 
through the dephlegmator, where the accompanying 
water vapor is condensed and returned to the actifier 
column. The hydrogen sulfide, having a purity of 95 
to 99 percent (exclusive of water.vapor) then passes 
on to the acid-plant burner or other point of disposal. 
The dephlegmator in this diagram contains two sec- 
tions, and this is recommended as a measure for con- 
serving water only in cases where large quantities of 
hydrogen sulfide are produced. 

The functioning of the plant is almost entirely 
automatic. Steam to the reboiler is controlled auto- 
matically by the temperature of the vapors leaving 
the actifier. Water to the dephlegmator is controlled 
by the temperature of the vapor leaving the dephleg- 
mator. It is necessary to add phenol only at intervals 
of several weeks. 

The operation of the two-stage system differs from 
the single-stage operation, as outlined above, in the 
following particulars: 

The major portion of the solution is withdrawn 
from the actifier about midway of the column, and is 
introduced into the absorber about half way down 
the column after passing through the heat exchanger 
and cooler. The minor part of the solution continues 
down to the base of the actifier, and in the course of 
this travel is contacted with a proportionately large 
amount of fairly clean steam. This small volume of 
highly actified solution is pumped through a cooler 
to the upper section of the absorber. After flowing 
through the secondary absorber, this solution joins 
the main body of solution in the primary absorber, 
and the entire volume of solution is forced by the gas 
pressure through the heat exchanger to the top of 
the actifier column. 


PHENOLATE PLANTS OPERATING ON 
REFINERY GAS 
Figure 4 shows a photographic view of the col- 
umns in a phenolate plant built by Koppers Company 
for a large refinery on the Pacific Coast. This plant 
has a capacity of 16,500,000 cubic feet of gas per day 
containing 4 to 5 percent of hydrogen sulfide (2500 
» 3200 grains per 100 cubic feet). The recovery of 
sulfur at capacity operation amounts to 35 tons per 
day. The recovered hydrogen sulfide is forced by 
actifier pressure through a pipe line over a mile long 
to a contact-type sulfuric-acid plant, where it is con- 


TABLE 2 
Daily Material Balance 
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Presses. Tk, ONO Oe. UB. is is hbo didn kid Re ah TEESE cone Slasee aks 
Temperature, NE, I A are hs nee ee een Ct es . 
Hydrogen-sulfide concentration, grains per 100 cu. ft.............. 


Hydrogen sulfide recovered (95 percent removal), tons............. 13.6 
Serer CA TOE o.oo ake tas oe acces Renin s ecalaive ss 12.8 
100 percent sulfuric acid produced (95 percent conversion), tons... . 37.2 


Sulfuric acid (66 deg. Baume) produced, tons...................0. 34.6 
Value of acid (66 deg. Baume) at $13.50 per ton.................. 


Aggregate Daily Operating Cost for Purification 
and Acid Plant 


Labor: ome sinm, D4 denen at DUB cin 56 oS Seas ce elek os $19.20 
eeu Mie SS 6.655 8 oe 5 5 60d 6 oS Widivg Chee Abesacueoe 5.00 
Seis See es A I oiled ads Sein ccic nda bees WOcees elkees 36.00 
Pcie: i ic, Oe ao Sie age io a 6 RG ores dw eon beinbialnbarde 12.00 
Waters Fae Me OE so ook boos Evcdecvisscwccdewudsenn 11.90 
Phenol: GO th. qcouie tit SGN OE FIO... 5b. ooo ci eka eciwdienas 9.00 
SIG. 55's dass ee 4 255 eEEe oe Rol bb 6S 23d Fhe Dein ss ROS 3.50 
IID 0 in 5: 5k whe ois .d-tee al ira NW ETS, he ng 15.00 
$111.60 
Operating cost per ton of acid (66 deg. Baume)................... $3.25 
Net return before fied CHOHOS. o.oo nic ces sce ctte cece Awhatin et $355. 
Annual return before fixed charges (350-day year)................ $126,000 


Annual return on investment (approximate), percent.............. 
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verted to sulfuric acid. The dark insulated column 
in the photograph is the actifier. The other two col- 
umns are absorbers handling separate streams of gas 
at pressures of 5 pounds and 150 pounds. The gas 
temperature is approximately 100°F. The lower sec- 
tion of the taller absorber comprises the degasser, 
where absorbed hydrocarbon gases are released from 
the foul solution before it proceeds to the actifier. 
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Chart Showing Relations Between Partial Pressures 
of Hydrogen Sulfide and Hydrogen-Sulfide Content 
of Phenclate Solution. 


Figure 5 is another view of this plant showing a 
novel feature in its design, viz., the gas-tight steel 
enclosure around the towers and tubular equipment. 
This housing was specified by the purchaser as a 
safety feature to eliminate possible hazards from the 
toxic hydrogen sulfide, in the event of rupture of the 
vessels or piping. All control valves are located: ad- 
jacent to a platform along the outside of the en- 
closure. The back of the instrument panel may be 
seen forming one side of the control house at the 
right of the photograph. 

The primary purpose of this installation is to re- 
cover sulfur for the manufacture of sulfuric acid. 
Another advantage gained by purifying these fuel 
gases is the elimination of corrosion around the 
furnaces and correction of atmospheric pollution by 
the sulfurous flue gases. This plant has been in oper- 
ation for almost two years, and has consistently 
recovered 96 to 98 percent of the hydrogen sulfide 
from the gas at a low cost per ton of sulfur equiva- 
lent. 

Figure 6 shows a photograph of a phenolate plant 
installed by Koppers Company in a large Eastern 
refinery. This plant has a capacity to purify 23,000,- 
000 cubic feet per day of refinery gas containing 
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View of Columns in a Phenolate-Process Plant. 


about 1% percent hydrogen sulfide (1000 grains per 
100 cubic feet). The gas is treated at a pressure of 
225 pounds in two separate streams, and at a tem- 
perature of approximately 125°F. Hydrogen sulfide 
recovered in this plant is also piped a distance of 
approximately one mile to a contact-type acid plant, 
where it is converted to sulfuric acid for use in the 
refinery. In contrast to the plant described above, all 
equipment here is out of doors. 

The primary purpose of this installation is to re- 
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move 95 percent of the hydrogen sulfide from gas 
which is to be fed to a polymerization plant, and the 
recovery and utilization of the sulfur are of secondary 
importance. 


Phenolate-type plants now in operation have an 
aggregate capacity to purify 55,000,000 cubic feet of 
gas per day. Total sulfur-recovery capacity of these 
plants is 26,000 tons per year, corresponding to ap- 
proximately 75,000 tons of 66° Baumé acid. 





Refiner & Natural Gasoline Manufacturer—V ol. 17, No. 6 








SULPHURIC-ACID PRODUCTION COST 


Table 2 shows the cost of producing sulfuric acid 
from hydrogen sulfide in a fairly typical refinery gas. 
The gas contains 1000 grains of hydrogen sulfide per 
100 cubic feet, and is purified at approximately 100° 
F. No particular pressure is specified, inasmuch as 
the operating costs are not seriously affected by the 
pressure in the absorption stage. Obviously, the pres- 
sure of the gas does have a material influence on the 
size of the equipment and, consequently, on the cost 
of the plant. 

It is apparent that the largest single item of oper- 
ating cost is that for steam to actify the solution. A 
large part of the required steam may be recovered in 











the acid plant from heat of combustion of the hydro- 
gen sulfide when the volume of hydrogen sulfide 
burned is sufficient to justify the expenditure for a 
waste heat boiler. (Hydrogen sulfide has a caloric 
value of 655 B.t.u. per cubic foot.) In cases where 
fuel gas is relatively cheap as compared to steam, a 
gas-fired reboiler may be used in the actification 
stage. This has been done on one natural-gas purifi- 
cation plant where no steam-generating equipment 
was available. 


SULFURIC-ACID PLANT OPERATION 
Hydrogen-sulfide gas from the phenolate-plant ac- 
tifier will be saturated with water vapor at cooling- 
water temperature, and will contain from 1 to 4 per- 





FIGURE 5 
Phenolate-Process Plant with Columns Enclosed in Steel Shell. 
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FIGURE 6 


Phenolate-Process Plant Showing Absorbers, Actifier, and De-gassor. 


cent of impurities in the form of carbon dioxide and 
hydrocarbons. Incidentally, the phenolate process is 
very highly selective toward the absorption of hydro- 
gen sulfide from gases containing hydrogen sulfide 
and carbon dioxide, so that the amount of carbon 
dioxide contaminating the recovered hydrogen sul- 
fide is slight in comparison to contamination encoun- 
tered in other sulfur-recovery processes. 

Water vapor present in the hydrogen sulfide and 
water formed in its combustion necessitate the use 
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of a so-called “purification-type” acid plant, inas- 
much as the sulfur dioxide entering the converter 
must be bone dry for American acid plants. Figure 7 
illustrates the flow of materials through the “purifica- 
tion-type” contact acid plant.. Hydrogen sulfide is 
burned in a refractory-lined burner, and the combus- 
tion products (mixed with secondary air in an 
amount necessary to provide the proper ratio of sul- 
fur to oxygen) pass through a waste heat boiler to 
a cooling tower—where the gases are cooled by water 
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or weak acid in a closed circulation system. The 
cooled gases pass through a Cottrell precipitator or 
coke filter, to eliminate entrained mist, into a drying 
tower—where they are scrubbed with 98-percent 
sulfuric acid. The bone-dry gases are then forced by 
a blower through a heat exchanger and into the con- 
verter. Here the hot gas passes through the vanadi- 
um or platinum mass, and the sulfur dioxide is con- 
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burning of gaseous fuel in any furnace bears to the 
burning of solid fuel. 


) SUMMARY 
The Koppers phenolate process uses a solution of 
sodium phenolate to absorb hydrogen sulfide from 
refinery and natural gases. The solution is continu- 
ously regenerated by means of steam vapor, and the 
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FIGURE 7 
Flow Diagram of “Purification-Type”’ Contact Acid Plant. 


verted to sulfur trioxide. After the converter, the 
gases exchange heat with the cold incoming gases, 
and enter the final absorbing tower—where the sulfur 
trioxide is absorbed in 98-percent acid. The final 
product is removed from this circulation system, and 
it may be converted to weaker acid or to oleum by 
brief additional processing. The inert gases, consist- 
ing of nitrogen, carbon dioxide, oxygen, and traces 
of sulfur dioxide, are released to the air through a 
stack on top of the absorber. Normal conversion 
efficiency from hydrogen sulfide to sulfuric acid is 
about 95 percent of stoichiometric equivalent. 
Hydrogen sulfide may be converted to sulfuric acid 
in existing chamber-type plants, but no description 
of application to the chamber process will be at- 
tempted here, inasmuch as it is unlikely that any new 
chamber installations will be made for this purpose. 
The burning of hydrogen sulfide bears the same 
relation to the burning of brimstone or pyrite, as 
regards convenience of operation and control, as the 
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hydrogen sulfide is recovered in practically pure form 
suitable for conversion to sulfuric acid in a conven- 
tional-type acid plant. Acid (of 66° Baumé concen- 
tration) may be produced from a typical refinery 
gas at a total operating cost of $3.25 per ton, with 
no credit allowed for purified gas or for reduction of 
maintenance or for elimination of atmospheric pollu- 
tion. The investment for purification plant and acid 
plant may be amortized in two years in the typical 
case cited. 

Phenolate-type plants have been in commercial 
operation approximately two years, total installed 
capacity being 55,000,000 cubic feet of gas per day. 
Sulfur-production capacity of these plants is 26,000 
tons per year, equivalent to 75,000 tons of 66° Baumé 
acid. The process is adaptable to a wide range of 
operating conditions due to flexibility in selection of 
concentrations of the two chemical constituents, and 
in design of equipment. 













The 


Girbotol Purification 


Process... 


W. R. WOOD and B.D. STORRS 


The Girdler Corporation 
Louisville, Kentucky 


EMOVAL of hydrogen sulfide from hydrocarbon 
gases is a process of growing importance at the 
present time. In the refinery field, polymerization, 
the production of liquefied hydrocarbon gases, the 
synthesis of isooctane, hydrogen, and various organic 
chemicals such as the aliphatic alcohols, all are im- 
proved by the use of sulfur-free starting materials. 
In some instances catalysts are injured by hydrogen 
sulfide. In others, expensive after-treatment or meth- 
ods which impair the quality of the finished product 
must be resorted to if hydrogen sulfide is present in 
the charge. In all cases the corrosive effects of hy- 
drogen sulfide on the process equipment are elim- 
inated by its removal. As new methods for convert- 
ing the lighter components of refinery gases into 
marketable products are developed, removal of hy- 
drogen sulfide will become increasingly necessary 
because hydrogen sulfide, due to its vapor pressure, 
tends to accumulate with these more volatile frac- 
tions. The Girbotol process? is an efficient method 
for removing hydrogen sulfide and other weak acidic 
gases from gas mixtures. 


THEORY AND DESCRIPTION OF PROCESS 


The Girbotol process originated with the discovery 
that acidic gases such as hydrogen sulfide and carbon 
dioxide react with certain amines to form compounds 
which may be broken down by heat. This reversible 
reaction may, in the case of hydrogen sulfide, be 
represented as follows: 


RNH:+ H:S = RNH:HS 
Where: R represents an organic residue. 


The equilibrium proceeds to the right or left 
depending on the temperature, and on the partial 
pressure of hydrogen sulfide. In a Girbotol plant, 
hydrogen sulfide is washed from a gas mixture at 
one temperature at the beginning of the cycle and 
expelled from the amine solution at a higher tem- 
perature in a subsequent part of the cycle. Water 
solutions of the amines are usually employed. The 





_t Patents on the Girbotol process are owned by The Girdler Corpora- 
tion, Louisville, Kentucky. 
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HE Girbotol process is a simple, cyclic process 
for separating hydrogen sulfide and carbon 
dioxide from gaseous mixtures. It is efficient and 
economical in operation. Hydrogen sulfide and car- 
bon dioxide are recovered in concentrated form. 
The process is unique in that a one-component 
absorbent is used. The absorbents, the aliphatic 
amines, are stable and relatively non-volatile. 
The Girbotol process is described, and its wide 
application illustrated. 
Use of the process for the simultaneous purifica- 
tion and dehydration of gases is also discussed. 
Presented at eighth mid-year meeting, American 
Petroleum Institute, Wichita, Kansas, May 24, 1938. 











cycle is continuous, and the hydrogen sulfide is re- 
covered in concentrated form. 


Figure 1 shows a typical flow diagram of the 
Girbotol process. Sour gas containing hydrogen sul- 
fide flows into the base of the absorber, which is a 
bubble plate or packed tower. Lean amine solution 
enters the absorber near its top and flows in counter- 
current relation to the rising gas, absorbing hydro- 
gen sulfide in its downward passage, Gas free from 
hydrogen sulfide leaves from the top of the absorber. 


Rich amine solution containing the removed hy- 
drogen sulfide flows by absorber pressure, or is 
pumped, from the base of the absorber through the 
heat exchanger, and thence into the upper section of 
the reactivator. If the treating pressure is high, and 
if an extremely pure hydrogen sulfide is desired, a 
flash drum, operating at a lower pressure than the 
absorber, is placed between the absorber and the 
heat exchanger for releasing hydrocarbons dissolved 
in the solution due to the high treating pressure. 

The reactivator is a bubble plate or packed tower. 
In or near its base there is the reboiler, which is an 
indirect heating element supplied with low-pressure 
steam or other suitable medium for boiling the amine 
solution and expelling the hydrogen sulfide. As the 
solution flows down through the reactivator, it is 
heated by ascending. steam generated by the reboiler, 
and the hydrogen sulfide is expelled. In the reboiler 
the solution reaches its boiling point, slightly above 
the boiling point of water at. the pressure of the 
reactivator. 

Regenerated amine solution free from hydrogen 
sulfide is pumped from the base of. the reactivator 
through the heat exchanger, then through the solu- 
tion cooler, and back to the top of the absorber. 


Hydrogen sulfide and steam flow together from 
the top of the reactivator to the hydrogen-sulfide 
cooler, where the temperature of the mixture is re- 
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duced to atmospheric and the steam condensed. The 
condensate returns to the top of the reactivator, and 
concentrated hydrogen sulfide flows from the cooler. 


All of the equipment is standard, similar in design 
to a refinery absorption plant. 


The plant is made fully automatic in operation by 
the use of suitable control equipment. No labor is 
required during routine operation except for control 
tests and for normal maintenance. The _ utilities 
needed for operation are exhaust steam, or its equiva- 
lent, for heating, water for cooling, and power for 
pumping the solution. Mechanical losses of amine 
solution are small, and the amine itself lasts indefi- 
nitely. Vaporization losses with monoethanolamine, 
a comparatively volatile amine, are as low as one- 
tenth of a pound per million feet of gas treated. 


The Girbotol absorbents are not corrosive toward 
steel or iron. Because the solutions are alkaline at 
all times, the. corrosive effects of hydrogen sulfide 
are practically negligible. Low-carbon steel and_cast 
iron are suitable construction materials for all por- 
tions of the plant, and no special alloys are required. 


A number of amines suitable for use in the Gir- 
botol process are available commercially at reason- 
able cost. Since each differs slightly in its physical 
properties from the others, there is a group of ab- 
sorbents from which the proper amine may be 
selected for any particular purification plant. All of 
the amines which are used have the desirable charac- 
teristics of high capacity for hydrogen sulfide and 
carbon dioxide, rapid rate of reaction with the acidic 
gases, and low volatility. These amines are miscible 
with water in all proportions. Because the amines 
have high capacities for acidic gases, dilute water 
solutions may be circulated. This results in a small 
initial expenditure and low replacement costs for the 
reagent. 

The amines are organic bases, derivatives of am- 
monia; and, like ammonia, react rapidly with acidic 
gases such as hydrogen sulfide and carbon dioxide 
to form hydrosulfides and carbonates. Until a high 
percentage of the available amine has been neutral- 
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FIGURE 1 


Flow Diagram of Girbotol Process. 


ized, the resulting solution has a negligible acid-gas 
vapor pressure. By carrying out the absorption in a 
countercurrent contractor, the acidic component of 
a gas stream may be stripped out completely. 


A Girbotol absorbent is a single component. There. 


is no exact pH* or acid-alkali balance to be main- 
iained in the absorbing solution. This is important 
where there is a gradual accumulation of a fixed acid 
in the solution, as for example the accumulation of 


* Hydrogen-ion concentration. 
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thiosulfuric acid in solutions scrubbing hydrogen sulfide 
from a gas containing traces of oxygen. The effective- 
ness of the available absorbent is not altered by par- 
tial neutralization of the solution or by variation in 
solution strength. There are no volatile components to 
pollute the purified gas. Plant-control tests are ele- 
mentary. 

When the temperature of the amine solution is 
raised, its capacity for acid gas fall off rapidly, and 
a solution containing acid gas may be completely re- 
generated by bringing it to its boiling point. Re- 
generation can be accomplished by boiling the amine 
solution in a simple evaporator or pot still. However, 
the use of a column for regeneration is more eco- 
nomical, inasmuch as it reduces the steam consump- 
tion materially. 

The reactivator in a Girbotol plant is primarily a 
unit of heat exchange. When a fixed gas such as 
hydrogen sulfide is driven from a water solutiotp it 
is saturated with steam at the temperature at which 
it leaves the solution. The lower this temperature, 
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the smaller the amount of steam carried by the gas; 
and, inasmuch as heat must be supplied to the re- 
boiler in proportion to that carried away by the 
steam, it is desirable to have the gas leaving the 
reactivator at a relatively low temperature. On the 
other hand, the top temperature of the tower cannot 
be too low, because heat must be supplied to bring 
the descending solution to its boiling point. A simple 
calculation shows that for each treating condition 
there is a noptimum feed-plate temperature to bal- 
ance latent heat of effluent steam and sensible heat 
of amine solution. Because of the ease with which 
acidic gases are liberated from the amines due to the 
loose chemical bond, Girbotol reactivators are de- 
signed and operated with the proper temperature 
gradient down the tower for minimum heat con- 
sumption. This design and operation result in a 
considerable saving in heat and in cooling water, 
inasmuch as a heat balance on the plant shows that 
the cooling-water requirement is directly propor- 
tional to the heat supplied to the reboiler. 


APPLICATION OF PROCESS 


At the time of writing there.are four Girbotol 
plants completed or under construction for removing 
hydrogen sulfide from refinery gases, and seven 
plants for purifying natural gas. There are also five 
Girbotol plants for scrubbing carbon dioxide from 
hydrogen produced by reacting hydrocarbon gas with 
steam. The hydrogen-sulfide plants are designed for 
a wide variety of treating conditions. Volumes vary 
from ™% million to 40 million cubic feet per day, 
pressures from 30 pound to 550 pound, temperatures 
from 50 to 160°F., and hydrogen-sulfide concentra- 
tions from 25 to 3000 grains per 100 standard cubic 
feet. In all Girbotol plants which have been placed 
in operation, the hydrogen-sulfide removal is better 
than 99 percent. The high efficiency of the process 
is best illustrated, however, by the fact that the 
carbon-dioxide content of industrial hydrogen is 
reduced from 18-20 percent to practically 0 in a single 
absorber of normal weight. 

In some cases, particularly in the treatment of 
natural gas, it is desirable to remove not only the 
hydrogen sulfide, but also the water from the gas. 
This is accomplished by substituting a dehydrating 
agent for water in the Girbotol solution. Diethylene 
Glycol is the agent being used at the present time. 

Dehydration prevents the formation of hydrocar- 
bon hydrates in transmission lines and the attendant 
reduction in line capacity. A number of dehydrating 
processes are in use. Diethylene glycol has great af- 
finity for water, and is one of the most satisfactory 
hygroscopic agents employed. It is non-corrosive and 
practically non-volatile, and stable at reactivation 
temperatures. 











The Girbotol amines are completely miscible with 
diethylene glycol, and a mixture of these compounds 
removes both hydrogen sulfide and water from a gas 
stream. The operating cycle is identical with the 
usual Girbotol cycle, except that the reactivator is 
operated as a fractionating column to remove water 
from the glycol. The presence of evolved hydrogen 
sulfide in the reactivator assists in drying the glycol, 
so that the combination plant reduces the dew point 
of the treated gas to a lower temperature than is 
reached by diethylene glycol alone. 


By controlling the ratio of diethylene glycol and 
water in the absorbing solution, the moisture con 
tent of the treated gas may be adjusted to any de- 
sired point from complete saturation to practically 
zero. 


The hydrogenation of oils consumes large volumes 
of relatively pure hydrogen. This gas is generally 
produced by reforming and converting hydrocarbon 
gases to a mixture of hydrogen and carbon dioxide 
(18-20 percent) by the action of steam in the presence 
of a suitable catalyst, and then removing the carbon di- 
oxide. The Girbotol process offers an economical means 
for reducing the carbon-dioxide content to practically 
zero in a cycle which is identical with the hydrogen- 
sulfide cycle. Separation with the amine solution is 
carried out at relatively low pressures, and the car- 
bon dioxide is completely eliminated with small vol- 
umes of absorbing solution. 


In hydrogenation plants where sulfur-free gas is 
not available, the Girbotol process serves two pur- 
poses. It removes hydrogen sulfide from the hydro- 
carbon gas used for the production of hydrogen to 
prevent catalyst poisoning, and it removes carbon 
dioxide from the finished hydrogen. Such a plant may 
be built as a combination unit consisting of two 
absorbers and a common reactivator. 

Within the scope of this paper it is impossible to 
describe all of the applications of the Girbotol proc- 
ess. Other uses, such as the recovery of carbon diox- 
ide in dry-ice plants, the recovery of hydrogen sul- 
fide, the purification of gas-engine fuel, and the pro- 
duction of inert atmospheres, have not been dis- 
cussed. The Girbotol process is a simple, unusually 
efficient process, applicable whenever it is desirable 
to remove or recover acid gases from gas mixtures. 
Its field of usefulness is being constantly expanded. 
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Gas Purification 


By the I. G. Alkacid Process and 
Sulfur Recovery 


By the I. G. Claus Process 


HANS BAEHR 
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HE use of alkaline inorganic scrubbing agents, 

such as sodium- or potassium-carbonate solu- 
tions, for the absorption of weak acids such as car- 
bon dioxide or hydrogen sulfide from gases, has 
not been found economical due to the low ab- 
sorptive capacity of these solutions for hydrogen 
sulfide and carbon dioxide. The absorption of 
these gases was improved by the use of aqueous 
solutions of tripotassium phosphate and the slight- 
ly-volatile organic bases of the alkylolamine group 
such as mono-, di-, and triethanolamine used in the 
Girdler process. 

In the Alkacid process, strong inorganic bases 
with weak organic non-volatile acids, such as amino- 
sulfoacids and aminocarbonicacids, are used as the 
absorption agents. Three solutions were developed 
and introduced in the market under the names 
Alkacid solution “M,” Alkacid solution “Dik,” and 
Alkacid solution “S”—each of which has a specific 
field of application. Alkacid solution “M” is used 
for the removal of hydrogen sulfide or carbon 
dioxide, either separately or simultaneously. Alk- 
acid solution “Dik” is used for the selective remov- 
al of hydrogen sulfide from gases containing car- 
bon dioxide, and Alkacid solution “S” is used for 
removing hydrogen sulfide and carbon dioxide 
from gases containing impurities such as tar, dust, 
and certain other gas constituents. A much shorter 
time of contact is required for the saturation of 
these Alkacid solutions than for the other solutions 
mentioned. 


oe of a slightly acid nature, such as hy- 
drogen sulfide, carbon dioxide, and hydrocyanic acid, 
have been removed from gases by the use of such 
basic substances as lime,’ alkali hydroxides, and 
especially sodium- or potassium-carbonate solu- 
tions,” * as these solutions can be readily regenerated. 

The absorptive powers of the latter solutions are 
low, and an attempt was made to find more efficient, 
easily-regenerated solutions for the removal of hy- 
drogen sulfide and carbon dioxide. Rosenstein‘ 
states that solutions of tribasic sodium phosphate 
absorb considerable quantities of hydrogen sulfide at 
‘ow temperatures, and on heating the solution the 
gas is liberated. 


Bottoms,® of the Girdler Corporation, found that 
the alkylol amines, especially mono-, di- and trietha- 
nolamine, and later diaminopropanol, absorb hydro- 
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The selectivity of the Alkacid solutions depends 
not only on the chemical composition, but also on 
the physical conditions employed, such as the time 
of contact, the temperature, etc. The absorption 
takes place at a low temperature, while the reactiva- 
tion is carried out at 105°, C. 

The weak acids, such as hydrogen sulfide and 

J carbon dioxide, and also ammonia separated by the 

Alkacid process can be worked up into various 
products. In this connection, particular reference 
has been made to the processing of hydrogen sul- 
fide by the “improved I. G. Claus process” for the 
production of sulfur. In this process, most of the 
heat of reaction is removed by cooling during the 
combustion of the hydrogen sulfide by the genera- 
tion of steam in a boiler. The conversion of the 
gas containing hydrogen sulfide and sulfur dioxide 
then takes place, producing free sulfur. The am- 
monium-sulfide solution, obtained from the scrub- 
bing of ammonia and hydrogen sulfide, can be 
converted into ammonium sulfate. 

A number of Alkacid plants for the removal of 
hydrogen sulfide and carbon dioxide are operating 
in Germany and other countries at the present 
time, and 12 plants are under construction. The 
amount of hydrogen sulfide removed from gases 
by the Alkacid process already corresponds to more 
than 30,000 metric tons per year of sulfur, which 
indicates the technical development of this process. 

This paper was presented at Eighth Mid-Year 
Meeting, American Petroleum Institute, Wichita, 


Kansas, May 24, 1938. 





gen sulfide and carbon dioxide. These amines are 
strong organic bases and water-soluble substances 
which readily absorb hydrogen sulfide and carbon 
dioxide at low temperatures, and then liberate these 
gases when heated to 100° C. The following reactions 
for these processes are assumed by Bottoms: 

20° C. 

2RNH:+ H.S ==== (RNH:):H:S 
100° C. 


° 


° 


2RNH; + CO. + H:0 ==== (RNH.):H:CO; 
100° C. 


These bases absorb several times as much hydrogen 
sulfide and carbon dioxide per unit volume as do the 
sodium- and potassium-carbonate solutions. As the 
main expense in the regeneration process is incurred 
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by the cost of heating the used solution, the most 
economical solutions are those showing the greatest 
absorptive capacity for the weak acids. The discovery 
of these organic bases represents great progress to- 
wards the solving of the problem. These substances 
offer a certain disadvantage, however; for, even 
though they are only slightly volatile, small quanti- 
ties of them are entrained with the purified gas and 
with the expelled steam, and in a continuous cycle 
these losses become appreciable with prolonged op- 
eration. Several plants in the United States are being 
operated successfully according to this process for 
the removal of hydrogen sulfide and carbon dioxide. 


ALKACID PROCESS 
I. REQUIREMENTS FOR SCRUBBING SOLUTIONS 


On the assumption that strong inorganic or or- 
ganic bases in combination with slightly-volatile 
organic acids should represent solutions which make 
the absorption of weak acids at low temperatures and 
*their liberation at high temperatures possible, the 
alkali salts of weak organic acids, with dissociation 
constants similar to those of hydrogen sulfide and 
carbon dioxide, were investigated. Aqueous solutions 
of alkali salts of the amino acids were found to be 
effective solutions.* The following reactions have 
been assumed for this process: 


2RCOONa + H:S ====— 2RCOOH + Na:S 
RCOONa+ H:S ===— RCOOH + NaSH 

RCOONa + NH;:+ H:S ====— RCOONH,.+ NaSH 
2RCOONa + 2NH;+ H:2S ====— 2RCOONH. + NaS 


The formation of free organic weak acids, alkali 
sulfide, and hydrosulfide can be assumed when weak 
acids like hydrogen sulfide are absorbed. Upon heat- 
ing, the weak organic acid reacts with the alkali 
sulfides or hydrosulfides in the solution forming the 
alkali salts of the weak organic acids and liberating 
the hydrogen sulfide. The reactions are similar in 
the case of carbon dioxide. 


There are numerous organic weak acids which re- 
act in the way described, but investigations were 
made to find solutions of high efficiency—which is 
dependent on the absorptive power of the weak acids 
in the solution, and on the ease of separating the 
absorbed gases by heating. For use on a plant scale, 
the solutions, furthermore, must be stable; and the 
impurities contained .in the gas, such as tar, dust, 
hydrocyanic acid, and oxygen, must not retard the 
efficiency. The volatility of the scrubbing solution 
must be low, as the solution must not escape with 
the purified gas or with the liberated impurities. 


II. PROPERTIES OF ALKACID SOLUTIONS 


During the course of this work, three solutions 
were developed to meet the requirements mentioned 
above. These solutions, which differ in their absorp- 
tive capacity for hydrogen sulfide and carbon diox- 
ide, are known as Alkacid solutions,’ “M,” “Dik,” 
and “S”; and are used in accordance with the re- 
quired removal of these impurities. Alkacid solution 
“M” is used for the removal of either gas, when 
present alone, or for removal of both gases simul- 
taneously. Alkacid solution “Dik” is used for the 
selective removal of hydrogen sulfide from gases 
containing carbon dioxide, and also from gases con- 
taining small quantities of carbon disulfide and 
hydrocyanic acid. Alkacid solution “S” is used for 
the same purpose as either solution “M” or “Dik” 
when the gas contains an appreciable amount of 
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other impurities, such as hydrocyanic acid, ammonia, 
carbon disulfide, mercaptans, dust, and tar. 


III. EXAMINATION OF SCRUBBING SOLUTIONS 

In order to evaluate the absorptive capacity of the 
scrubbing solution for weak acids, the absorption 
value must be determined. This is obtained by shak- 
ing approximately 10 ml. of the solution with carbon 
dioxide for 2 minutes; and the carbon dioxide ab- 
sorbed in this time, calculated on the basis of 1 ml. 
of solution, gives the absorption value which indi- 
cates the absorptive capacity that can be expected 
in practical operation. 

The saturation value, by means of which any 
changes in the solution can be determined over a 
long period of operation, is obtained from the above 
solution after carbon-dioxide treatment. The solution 
is decomposed with sulfuric acid, and the carbon 
dioxide released is collected in a Scheibler volume 
meter. The quantity of carbon dioxide obtained, cal- 
culated on the basis of 1 ml. of solution, is the 
saturation value. 

If the reactivated solution is decomposed by an 
excess of sulfuric acid, and the carbon dioxide is 
collected in a volume meter, the amount of carbon 
dioxide will give the blank or reactivation value. This 
value represents the quantity of carbon dioxide that 
is present in the solution after regeneration, and 
this serves to control the regenerating columns in 
practical operation. A similar procedure can be used 
in the case of hydrogen-sulfide removal. 

The absorption rate plays an important role in 
determining the practical value of the solution. The 
absorptive capacity of different solutions for carbon 
dioxide, with varying times of contact, is shown in 
Figure 1. The curves indicate that the Alkacid solu- 
tion becomes saturated in a few minutes, while the 
soda and potash solutions require a much longer 
time of contact for saturation. On this basis, the 
scrubbing effect of the Alkacid solution is much 
better than the soda and potash solutions; and, in 
general, the absorption rate during the first 2 min- 
utes of contact determines the effectiveness of the 
solution. 


IV. EFFECT OF VARIOUS CONDITIONS ON THE 
SELECTIVITY OF ALKACID SOLUTIONS 

a. Effect of Chemical Composition of the Solutions 

As shown above, the absorption value of the solu- 
tion with carbon dioxide in unit time can be used to 
evaluate the solutions. Certain solutions, however, 
act differently with hydrogen sulfide and carbon di- 
oxide, as shown in Figure 2. The saturation value of 
Alkacid “M,” with respect to hydrogen sulfide and 
carbon dioxide, is reached in a comparatively short 
time; while Alkacid “Dik” solution becomes satu- 
rated with hydrogen sulfide in a very short time, and 
a much longer time is required for saturation with 
carbon dioxide. These curves indicate the selectivity 
of the Alkacid “M” and “Dik” solutions for hydrogen 
sulfide and carbon dioxide, and these properties 
determine their use in practice. 
b. Effect of Time of Contact 

The selectivity of the scrubbing process for the 
absorption of hydrogen sulfide and carbon dioxide is 
also dependent on the type of equipment used. Buete- 
fisch? pointed out that the absorption rate of carbon 
dioxide in water or alkaline solutions is very slow, 
due to a hydration which must precede the absorp- 
tion, while hydrogen sulfide is absorbed very rapidly. 
In view of this, the scrubbing towers for the removal 
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of hydrogen sulfide can be smaller than those to be 
used for carbon-dioxide removal. Furthermore, scrub- 
bing gases containing both hydrogen sulfide and 
carbon dioxide at high velocities will remove chiefly 
hydrogen sulfide with little carbon dioxide. 
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MINUTES OF SHAKING TIME 


I. Alkacid “M.” 

Il. Triethanolamine, 50-percent solution. 
III. Potassium carbonate, 30-percent solution. 
IV. Tripotassium phosphate, 22-percent solution. 
V. Sodium carbonate, 10-percent solution. 


FIGURE 1 
Absorption Capacity of Various Scrubbing Solutions. 


c. Effect of Temperature 

The temperature also influences the absorption 
rate of hydrogen sulfide and carbon dioxide; for, 
while hydrogen sulfide is absorbed rapidly both at 
low and at high temperatures, the rate of absorption 
of carbon dioxide increases with rise in temperature. 
The optimum temperature in the latter, however, is 
dependent on the fact that the partial pressure of 
carbon dioxide of the absorbing solution also in- 
creases with rise in temperature. The absorptive 
capacity will be less than at a lower temperature, 
due to the higher partial pressure of carbon dioxide 
in the solution. These conditions are similar for all 
alkaline absorption solutions, and a comparison of 
the partial pressures of carbon dioxide at various 
temperatures for Alkacid and Girdler solutions is 
shown in Figure 3. The curves indicate the extent of 
carbon-dioxide removal from the gas at the respec- 
tive temperatures and degree of regeneration of the 
solution. In practice, the hydrogen sulfide should be 
absorbed at as low a temperature as possible, and 
carbon dioxide at a higher temperature. In the case 
of carbon dioxide it might be desirable to remove 
the major part at higher temperatures, and the re- 
maining at lower temperatures. 

The same conditions prevail when employing vac- 
uum or pressure operation. When working under 
pressure, approximately the same partial pressure of 
carbon dioxide and hydrogen sulfide is reached as at 
normal pressure; and, after releasing the pressure, 
the carbon-dioxide and hydrogen-sulfide content of 
the gas is lower than in the absorption under normal 
pressure in proportion to the pressure applied. 


V. REGENERATION OF THE SOLUTION 


The carbon dioxide and hydrogen sulfide absorbed 
by the solution at low temperatures are liberated by 
heating. The evolution of the gas starts at approxi- 
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mately 90° C., but this depends, to a great extent, 
upon the amount of gas absorbed by the solution ; for 
the more nearly saturated the solution, the lower the 
temperature required for initial gas evolution. The 
most effective evolution of gas is obtained at a tem- 
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0 2 4 6 8 10 12 14 
MINUTES 


I. Alkacid ““M’’—carbon dioxide. 
II. Alkacid “M’’—hydrogen sulfide. 
Ill. Alkacid “Dik’’—carbon dioxide. 
IV. Alkacid “Dik’’—hydrogen sulfide. 

FIGURE 2 


Difference in the Selectivity of Alkacid Solution “M” and 
“Dik” Solution in Absorbing Carbon Dioxide and Hydro- 
gen Sulfide. 


perature of approximately 105° C. The rate of re- 
activation is influenced, to a great extent, by the use 
of packing in the regenerating tank, as shown graph- 
ically in Figure 4. A small quantity of carbon diox- 
ide or hydrogen sulfide remains in the solution after 
reactivation, which has no appreciable effect on the 
scrubbing process; while if the gases were complete- 
ly removed from the solution, the steam consumption 
would be high—and this would make the process un- 
necessarily expensive. The extent of reactivation of 
the solution, the blank or reactivation value, is deter- 
mined as explained under (III) above. 


VI. EFFECT OF VARIOUS GAS CONSTITUENTS 
a. Gas Impurities 

In many gases there are, in addition to hydrogen 
sulfide and carbon dioxide, impurities such as hydro- 
cyanic acid, mercaptans, carbonoxysulfide, and car- 
bon disulfide—the first three of which have no effect 
on the Alkacid solutions; carbon disulfide, however, 
has an effect on only Alkacid solution “Dik.” If there 
are impurities in the gas such as dust, tar, phenols, 
etc., which gradually consume alkali in the solution, 
it is necessary to purify the gas by pre-treatment 
with an alkaline or ammoniacal solution, 
b. Simultaneous Removal of Ammonia and Hydrogen 

Sulfide 

Many gases, such as those obtained from coke 
ovens, or from the distillation of brown coal, contain 
ammonia, which can be scrubbed out with the hydro- 
gen sulfide and/or carbon dioxide by the Alkacid 
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solutions. For the case of ammonia and hydrogen 
sulfide, the following reactions take place: 


RCOONa+ NH;+ HS ===— RCOONH.+ NaSH 
2RCOONa + 2NH;+ H.S ===— 2RCOONH, + Na:S 


The hydrogen sulfide and ammonia are absorbed and 
then liberated by reactivation, and separated out as 
ammonium-sulfide solution by condensation. This 
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VOLUME CARBON DIOXIDE 
IN 1 VOLUME OF SOLUTION 


50 percent by volume of triethanolamine. 
Alkacid “M’’—35 percent. 


FIGURE 3 
Effect of Temperature, in Degrees C.,.and Carbon-Dioxide 


Content on Partial Pressures of Scrubbing Solution for 
Carbon Dioxide. 
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ammonium-sulfide solution can then be processed 
into other products. 


VII. TECHNICAL ASPECTS OF THE ALKACID 
PROCESS 


a. General Procedure 

The general scheme of this process is very simple. 
The equipment consists essentially of a scrubbing 
tower, a stripping column, a heat exchanger and 
cooler. A flow diagram of the process is shown in 
Figure 5. The gas to be purified is scrubbed in the 
absorber tower countercurrently with cold reactivat- 
ed Alkacid solution, which absorbs the hydrogen sul- 
fide and carbon dioxide from the gas, and collects in 
the lower section of the tower as a saturated solution. 
The solution is then pumped through the-heat ex- 
changer, in which it is heated to 80-90° C., and then 
enters the top of the reactivating column. The gas is 
stripped of its absorbed constituents by steam gen- 
erated by a re-boiler, and the hot reactivated solution 
is withdrawn from the bottom of the tower, cooled 
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to 40-50° C. by heat exchange with the used solution 
from the absorber tower. The solution, after further 
cooling in a water cooler, enters the top of the scrub- 
bing tower. The process is continuous, and the only 
utility requirements are steam, water, and power. 

The Alkacid solutions are relatively non-corrosive, 
and the equipment requires no special materials of 
construction with the exception of a few parts which 
are particularly subjected to wear. 

After condensing the steam, the carbon dioxide and 
hydrogen sulfide liberated from the reactivator are 
available for any desired purpose. For the removal of 
both carbon dioxide and hydrogen sulfide from a gas 
without separate recovery, a single scrubbing tower 
can be used, provided that sufficient time of contact 









































100 
-k 
Pd 
90 , 8 | 
Fak, nt a 
80 , fi a ; 
a 2378" al 
70 ta 
is ‘ EZ ae 
° 
oe *¢ 
50 Pa oa V4 
a4 L4 Va 
40} FS 
Ya +— NO PACKING 


----5-MM. GLASS RINGS —— 
—-—- 8-MM. GLASS RINGS 

——-- 12-MM. GLASS RINGS —— 
—---— 8-MM. ALUMINUM RINGS 
------ 8-MM. CERAMIC RINGS A 





30 f 
20 | 4 
10 [ 


























CARBON DIOXIDE RELEASED, PER CENT 


0 Se Se tee ew 
0 15 30 45 60 
MINUTES OF HEATING TIME 

FIGURE 4 


Reactivation of Saturated Alkacid Solution. 


for the removal of the carbon dioxide is obtained. If 

hydrogen sulfide alone is to be removed from gas 

containing carbon dioxide, Alkacid solution “Dik” 
should be used—allowing a short time of contact in 
the absorber tower. 

For the removal of both hydrogen sulfide and car- 
bon dioxide from the gas, and for their separate re- 
covery, the hydrogen sulfide and carbon dioxide can 
either be removed separately; or they can be 
scrubbed out together, and then the hydrogen sulfide 
removed from the carbon dioxide by means of the 
selective Alkacid solution “Dik.” This solution will 
give hydrogen sulfide of 50-60 percent purity from a 
gas mixture consisting of five parts of hydrogen sul- 
fide and 95 parts of carbon dioxide. 

b. Simultaneous Removal of Ammonia and Hydrogen 
Sulfide, and Recovery of Ammonium-Sulfide Solution 
The most important class of gases containing am- 

monia is that of the distillation gases obtained from 

bituminous coal in coke and gas plants for the pro- 
duction of illuminating gas. These gases contain ap- 
proximately 0.17-0.23 gram of ammonia, 0.17-0.34 
gram of hydrogen sulfide, and 0.03 gram of hydro- 
cyanic acid, per cubic foot. The gases from the coke 
ovens are cooled; and the water vapor, tar, and part 
of the ammonia, are separated. The so-called gas- 
liquor is then separated from the tar; and ammonia, 
hydrogen sulfide, and carbon dioxide are stripped out. 

The vapors containing ammonia, hydrogen sulfide, 

and carbon dioxide are returned to the unpurified gas 

stream before the cooler. The gas containing the total 
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amount of ammonia and hydrogen sulfide is cooled, 
and then enters the Alkacid plant—the details of 
which are shown in Figure 6. 

The sour gas enters at the bottom of the absorber 
tower, and the purified gas leaves at the top. In the 
lower section of the tower, the spent solution is re- 
cycled in order to saturate the solution with the car- 
bon dioxide and hydrogen sulfide contained in the 
gas. The weak organic acids of the Alkacid “S” solu- 
tion separate out, and are then withdrawn and re- 
turned to the main cycle of the solution; while the 
spent solution, which consists chiefly of alkali-rho- 
danate and alkali thiosulfate, is removed. Alkali hy- 
droxide or carbonate is added to the main solution, 
to replace the alkali removed with the rhodanate and 
thiosulfate. 

In the center section of the tower, the gas is 
scrubbed with the reactivated solution, whereby the 
ammonia, hydrogen sulfide, and small amounts of 
hydrocyanic acid and carbon dioxide are absorbed by 
the solution. The solution saturated with ammonia 
and hydrogen sulfide is removed from the lower part 
of the central section of the tower, and then pre-heat- 
ed in a heat exchanger and pumped to the top of 
the reactivator tower, in which tower the ammonia 
and hydrogen sulfide are stripped from the gas by a 
steam re-boiler. The ammonia and hydrogen sulfide, 
together with steam, are withdrawn from the top of 
* the column. A portion of the vapors is condensed, 
and the condensate is returned to the tower, while 
the remaining vapors are condensed to ammonium- 
sulfide solution. The concentration of the ammonia 
in the ammonium-sulfide solution can be controlled 
by regulating the temperature in the first cooler. The 
regenerated solution is withdrawn from the bottom 
of the tower, and returned through the heat exchang- 
er and cooler to the top of the absorber tower. 


VIII. REMOVAL OF HYDROGEN SULFIDE FROM 
LIQUIDS SUCH AS GASOLINE, BENZOL, ETC. 
Weak acids such as hydrogen sulfide are frequently 

present in gasoline and oil, and they must be re- 

moved. The Alkacid process can be used in this case 
by extraction of the liquids with Alkacid solution, or 
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FIGURE 5 


Flow Diagram of Alkacid Process for the Purification of 
Gases from Carbon Dioxide. 


by stripping the acid gases by introducing an inert 
gas into the liquid and subsequently absorbing the 
hydrogen sulfide liberated in the Alkacid solution. In 
the case of highly-volatile liquids such as gasoline, 
the inert gas stream, after treatment with Alkacid 
solution, is re-cycled for further stripping. It is, 
therefore, possible to minimize losses of low-boiling 
liquids. 
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The process of removing hydrogen sulfide from 
gasoline consists of passing the gasoline down 
through the scrubber and treating countercurrently 
with a gas stream, such as nitrogen, carbon dioxide, 
etc., whereby the hydrogen sulfide in the gasoline is 
removed. The hydrogen sulfide taken up by the inert 
gas is treated with Alkacid solution in an absorber, 
and then the solution saturated with hydrogen sul- 
fide is regenerated as described above. The purified 
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FIGURE 6 


Separation of Ammonia and Hydrogen Sulfide from _ Dis- 
tillation Gases by the Alkacid Process with Recovery of 
Ammonium-Sulfide Solution, 


gas from the absorber, containing a small amount of 
gasoline, is re-cycled to the first tower for further 
sulfurization of gasoline. 


IX. PROCESSING OF THE ACID CONSTITUENTS 
REMOVED BY THE ALKACID PROCESS 
a. Carbon Dioxide 

The carbon dioxide separated in the Alkacid plant 
leaves the stripper mixed with steam, and may be 
released directly into the atmosphere if no further 
processing is contemplated. The gas may be utilized 
for various purposes; e. g., in the manufacture of dry 
ice. The carbon dioxide as produced by the Alkacid 
process is favorable for this use, inasmuch as it con- 
tains no entrained particles to impair its flavor. 

b. Hydrogen Sulfide 

The hydrogen sulfide may be used for various pur- 
poses, such as in the production of sulfur, sulfuric 
acid, sulfites, sulfates, etc. Hydrogen sulfide, by re- 
action with air or oxygen, can be converted into sul- 
fur dioxide, which may be converted into sulfites by 
the use of alkalies, or may be oxidized to sulfur tri- 
oxide or sulfuric acid in the presence of catalysts. 

‘ Whereas the processing of hydrogen sulfide to free 
sulfur is of interest in countries where sulfur con- 
sumption is high and sulfur resources low, the manu- 
facture of sulfuric acid becomes of importance in oil 
refining; for the acid produced from the hydrogen 
sulfide recovered from the cracked gas may be util- 
ized directly for the purification of gasoline. 

The processing of hydrogen sulfide derived from 
coke-oven distillation gases is somewhat different; 
for the hydrogen sulfide may be combined with the 
ammonia contained in these gases. This may be 
accomplished either by the production of sulfites from 
the ammonia and the hydrogen sulfide, followed by 
the conversion to sulfate, or by the production of 
sulfuric acid from the hydrogen sulfide and reaction 
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ot the ammonia with sulfuric acid to ammonium 
sulfate. 

The production of ammonium sulfate from am- 
monium sulfide takes place according to the follow- 
ing process: Hydrogen sulfide is burned with oxygen 
or oxygen-containing gases to sulfurous acid. This is 
contacted with the ammonium sulfide in solution or 
in vapor phase. The ammonia combines with the 
sulfurous acid, and the hydrogen sulfide is released 
and converted into sulfur dioxide by combustion. 
This process, consisting of the 
stripping of hydrogen sulfide fol- 
lowed by the production of sulfur 
dioxide and treatment with am- 
monium sulfide, represents a con- 
tinuous conversion of ammonium 
sulfide and sulfur dioxide to ammonium sulfite and 
ammonium thiosulfate. This treatment of the am- 
monium sulfide is continued until the sulfide has dis- 
appeared and the solution shows a slightly acid re- 


HS + 
SO: + 


action. At this point the solution contains am-| 


monium sulfite, ammonium acid sulfite (bisulfite), 
ammonium thiosulfate, and ammonium polythionate 
—the relative amounts of which depend on the spe- 
cific conditions. The process takes place according 
to the following reactions: 





HS + 140, ———> SO: + H.O + 124 Kg.-Cal.* 
(NH,):S + SO; + H.O ——————> (NH,)2SO; + H:S 

(NH,)2S +2SO: + 2H:0 —— 2NH,HSO,; + H.S 

6NH.HSO; + 2(NH,):S —— 2(NH,):SO; + 3(NH,)2S:0; + 3H:O 








*Kilogram calory. 

The solutions containing ammonium sulfite and 
bisulfite can be converted into ammonium sulfate and 
sulfur® by heating at atmospheric or higher pressure. 
If the acid content of the solution is not sufficient for 
sulfate formation, the proper acidity may be obtained 
by the addition of sulfurous acid, or mineral acids 
such as sulfuric acid—particularly waste acid from 
benzol or oil refining, The conversion to ammonium 
sulfate takes place according to the following re- 
actions: 





(NH,)2SO; + 2NH«HSOs 
(N H,)2S:03 + 2NH«HSOs 


—-— > 2(NH,):SO.-+ S + H:O 





This procedure is particularly advantageous; for it 
is possible to utilize the intermediate solution, con- 
sisting of ammonium sulfite and bisulfite for the final 
purification of the gas which is to be used for illu- 
minating purposes. The purification is done after the 
gas has been compressed to pipe-line pressure, and 
after the solution has served its purpose it can be 
converted into ammonium sulfate. 


J X. THE IMPROVED I.G. CLAUS PROCESS 
a. Chemical Assumptions 

As pointed out above, the hydrogen sulfide released 
by the Alkacid process can be converted into free 
sulfur by combustion with air. Generally, a conver- 
sion of only 2 cubic feet to 3 cubic feet of hydrogen 
sulfide per hour per cubic foot of catalyst can be 
obtained, due to the large amount of heat produced. 
The heat generated by combustion must be removed 
by radiation, in order that the proper reaction tem- 
perature for conversion to sulfur is not exceeded. The 
removal of heat by use of cooling pipes arranged in 
the top of the Claus oven did not give any increased 
efficiency. 
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—~> 2(NH,):SO, + 2S + 2H:0 


The Claus process was changed in such a way that, 
in the first step, part of the hydrogen ‘sulfide with 
air, Or oxygen-containing gases, is converted into 
sulfurous acid while utilizing the heat evolved for the 
generation of steam. In the second step, the reaction 
mixture is passed over the catalyst, transforming the 
hydrogen sulfide and sulfurous acid into sulfur. The 
mechanism of hydrogen-sulfide conversion, according 
to the old Claus process and the improved I. G. Claus 
process, is indicated by the following reactions: 


(a) Old Claus Process 
3H:2S + 140, 
(b) Improved I. G. Process 


———— 3S + 2H:0 + 159 Kg.-Cal. in the catalyst 


1440 ———> SO.. + _ H:20 + 124-138 Kg.-Cal. in the boiler 
2H.S——————> 3S + 2H:0 + 21-35 Kg.-Cal. in the catalyst 


In the old Claus process the heat of reaction, 53 
*"Kg.-Cal. per mol of hydrogen sulfide, had to be re- 
moved by radiation; while in the I. G. Claus process 
41-46 Kg.-Cal., depending on the temperature of the 
gas, are removed by the cooling equipment, so that 
'only 7-12 Kg.-Cal. are liberated in the actual contact 

| process. This is accomplished by using 1 cubic foot 
‘ of a suitable catalyst, with which 200 to 300 times the 
quantity of hydrogen sulfide can be converted per 
hour; and this is a great improvement over the old 
process. 

Removal of the heat can be accomplished 
in many ways, and by various agents such 
as air, gas, and water; but it is desirable to 
remove the heat in a steam boiler. 

b. Development of the Process 

A flow diagram of the process is shown in Figure 
7; and the equipment consisting of an apparatus for 
removing the heat, such as a boiler, a Claus oven, and 
a sulfur separator, is connected to an Alkacid plant. 
The gases from the Alkacid plant are burned with 
the necessary amount of air in the boiler to which 
the heat evolved is released. The gases at 250 to 300° 
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FIGURE 7 


Flow Diagram of Alkacid Process for the Purification of 
Gases from Hydrogen Sulfide and Recovery of Hydrogen 
Sulfide as Free Sulfur. 


C. are passed over the catalyst, and the final conver- 
sion takes place; sulfur separates out in liquid form 
partly in the sump of the oven and partly in the cen- 
trifugal separator. 

A 92- to 94-percent yield is obtained, based on the 
hydrogen sulfide fed to the plant. The hydrogen sul- 
fide and sulfur dioxide remaining in the gas can be 
completely converted into sulfur with water or aque- 
ous salt solutions. The hydrogen sulfide can also be 
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catalytically converted into sulfur dioxide with air, XI. APPLICATION OF THE ALKACID PROCESS 


and the sulfur dioxide may be further processed to’ The application of the Alkacid process has grown 
sulfuric acid. considerably since its development. At the present 
time around 150,000,000 cubic feet per day of gas are 
being purified by this process in Germany, and ap- 
proximately 1,000,000 cubic feet per day of hydrogen 
sulfide are separated. The process has been in opera- 
tion for a number of years in two gasoline plants for 
the purification of water gas and hydrogenation 
waste gases. A large plant for the purification of car- 
bon dioxide from gases produced by the catalytic re- 
action of carbon monoxide with steam is in operation 
outside of Germany; and a number of additional 
plants for the removal of hydrogen sulfide and carbon 
dioxide in the synthesis of gasoline and oil have been 
put into operation recently in Germany and other 
countries, and 12 plants are under construction at the 
present time. 


Close to 30,000 metric tons per year of sulfur are 
obtained from the operation of the Alkacid process 
in Germany, and this represents more than half of the 
German sulfur production. 


An Alkacid plant installation for processing 530,000 
cubic feet per hour of gas containing 0.42 gram hy- 
drogen sulfide per cubic foot is shown in Figure 8. 
This illustration will give an idea of the construction 
and size of such a plant, and the various sections 
are designated by the figures shown as follows: 


(1) Scrubbing tower; (2) reactivator; (3) heat ex- 
changer; (4) vapor cooler; (5) operating stall. The 
control of operation is centralized in the operating 
stall, and one man is required. In the above plant the 
hydrogen sulfide in the gas is reduced from 42 grams 
to 2 grams per 100 cubic feet, with the following 
water and steam consumption: 





Solution circulation rate......... 3,170 gal. per hour 
1. Scrubbing tower. 4. Vapor cooler. Steam (1 Ib. per gal. solution 
2. Reactivator. 5. Operating stall. CHEIIAMIOR) 255.5 is sitoracenstwes Oo 3,170 lb. per hour 
3. Heat exchanger. Water. (winter) ...'..54.008et524. 6,350 gal. per hour 
FIGURE 8 CSUGIIRCED 5 sc cui aeemanees 9,525 gal. per hour 
An Alkacid Plant Installation. Figures 9 to 11, inclusive, illustrate the improved 


1 and 2—Claus ovens. 
3 and 4—Boilers. 
5—Sulfur separator. 


FIGURE 9 


Improved I. G. 
Claus Process. 
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I. G. Claus process. Two Clause ovens (1 and 2) are 
shown with the necessary boilers (3 and 4), and the 
sulfur separator (5) is constructed as a centrifugal 
separator. Each plant unit produces 40 metric tons 
per day of sulfur, which runs off in liquid form from 
the bottom of the Claus oven and centrifugal separa- 








1. Claus oven. 
3. Boiler. 


FIGURE 10 
Improved I, G. Claus Process. 
tor, and is molded into cubes, etc., in a suitable appa- 
ratus, as shown in Figure 11. 


SUMMARY 

The use of alkaline inorganic- scrubbing agents, 
such as sodium- or potassium-carbonate solutions, for 
the absorption of weak acids such as carbon dioxide 
or hydrogen sulfide from gases, has not been found 
economical due to the low absorptive capacity of 
these solutions for hydrogen sulfide and carbon diox- 
ide. The absorption of these gases was improved by 
the use of aqueous solutions of tripotassium phos- 
phate and the slightly-volatile organic bases of the 
alkylolamine group such as mono-, di-, and triethan- 
olamine used in the Girdler process. 

In the Alkacid process, strong inorganic bases with 
weak organic non-volatile acids, such as aminosulfo- 
acids and aminocarbonicacids, are used as the absorp- 
tion agents. Three solutions were developed and in- 
troduced in the market under the names Alkacid 
solution “M,” Alkacid solution “Dik,” and Alkacid 
solution “S’”—each of which has a specific field of 
application. Alkacid solution “M” is used for the 
removal of hydrogen sulfide or carbon dioxide, either 
separately or simultaneously. Alkacid solution “Dik” 
is used for the selective removal of hydrogen sulfide 
from gases containing carbon dioxide, and Alkacid 
solution “S” is used for removing hydrogen sulfide 
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and carbon dioxide from gases containing impurities 
such as tar, dust, and certain other gas constituents. 
A much shorter time of contact is required for the 
saturation of these Alkacid solutions than for the 
other solutions mentioned. 

The selectivity of the Alkacid solutions depends 
not only on the chemical composition, but also on 
the physical conditions employed, such as the time 
of contact, the temperature, etc. The absorption takes 
place at a low temperature, while the reactivation is 
carried out at 105° C. 

The weak acids, such as hydrogen sulfide and car- 
bon dioxide, and also ammonia separated by the Alk- 
acid process can be worked up into various products. 
In this connection, particular reference has been 
made to the processing of hydrogen sulfide by the 
“improved I. G. Claus process” for the production of 
sulfur. In this process, most of the heat of reaction 
is removed by cooling during the combustion of the 
hydrogen sulfide by the generation of steam in a 
boiler. The conversion of the gas containing hydro- 
gen sulfide and sulfur dioxide then takes place, pro- 
ducing free sulfur. The ammonium-sulfide solution, 
obtained from the scrubbing of ammonia and hydro- 
gen sulfide, can be converted into ammonium sulfate. 

A number of Alkacid plants for the removal of 
hydrogen sulfide and carbon dioxide are operating in 
Germany and other countries at the present time, and 
12 plants are under construction. The amount of 
hydrogen sulfide removed from gases by the Alkacid 





FIGURE 11 
Improved I. G. Claus Process. 


process already corresponds to more than 30,000 
metric tons per year of sulfur, which indicates the 
technical development of this process. 
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The Shell Phosphate Process 


for the Removal of 


T. W. ROSEBAUGH 


Shell Development Company 
San Francisco, California 


Presented at Eighth Mid-Year Meeting, American 
Petroleum Institute, Wichita, Kansas, May 24, 1938. 


HE shell phosphate process is a regenerative 

liquid-purification system for the removal and 
recovery of hydrogen sulfide from natural or refinery 
gases and liquid hydrocarbons. The flow diagrams 
illustrate the four principal types of installations. 


VAPOR-PHASE TREATING 


The gas to be purified is scrubbed in a conventional 
bubble plate or packed absorber with an aqueous 
solution of tripotassium phosphate (K,PO,). Hydro- 
gen sulfide is absorbed principally according to the 
reaction: 

K;PO,+ H:S = KzHPO,+ KHS 

This reaction is reversed by boiling the solution. 

The vapor boiled off (hydrogen sulfide and steam) is 


Hydrogen 
Sulfide 


condensed and cooled; the condensate is returned to 
the absorber, and the hydrogen sulfide is vented to 
suitable disposal; e.g., boiler fuel or to sulfuric-acid 
manufacture, sulfur recovery, process use, etc. The 
regeneration is usually accomplished in a standard 
reboiler heated with exhaust steam. In some cases a 
direct-fired regenerator may be used to advantage by 
employing a locomotive-type boiler for solution re- 
generation. High heat economy is realized through 
the use of exchangers on the solution to and from the 
regenerator. A final cooler lowers the temperature of 
the lean solution returned to the absorber. 

The solution used runs from 40 to 50 percent by 
weight of tripotassium phosphate. This inexpensive 
solution is prepared at the plant with commercial 
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3. Exchanger. 7. Condensate pump. 
4. Condenser. 8. Solution pump. 
FIGURE 1 
Shell Phosphate Process. 
For removal of hydrogen sulfide from natural or refinery gases. 
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1. Reboiler-type 
regenerator. 

2. Exchanger. 

3. Exchanger. 


PURIFIED GAS 


For removal of hydrogen sulfide from liquid hydrocarbons. 
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- Solution cooler. 









METER 
i STEAM 


_— 


CONDENSATE 








8 


_ 





COOLING WATER 





5 
6. Condensate accumulator. 
= 
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FIGURE 2 


Shell Phosphate Process. 
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Stage transfer pump. 
Phase separators. 


















































X- 
Y 








Absorber 


(Bubble plates or packed). 


_ 


.. Reboiler-type 
regenerator. 

. Exchanger. 

. Exchanger. 

. Condenser. 


eon 


FIGURE 3 
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Shell Phosphate Process. 


Conan 


Hydrogen-sulfide removal for very high degree of purification (for liquid or vapor-phase treating). 


- Solution cooler. 

. Condensate accumulator. 
- Condensate pumps. 

- Solution pump. 

. Condensate stripper. 
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Shell Phosphate Process. 


Hydrogen-sulfide removal using direct-fired regenerator (for liquid or vapor-phase treating). 
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FIGURE 4 


Onan 


- Solution cooler. 

. Condensate accumulator. 
- Condensate pump. 

- Solution pump. 














grades of potassium hydroxide and of phosphoric 
acid. The initial charge lasts indefinitely, as solution 
loss is confined to packing-gland leakage on pumps. 


The equilibrium vapor pressure of hydrogen sulfide 
over tripotassium-phosphate solution for a given 
hydrogen-sulfide saturation is greatly reduced upon 
diluting the solution with water. This reduction in 
vapor pressure with reduced tripotassium-phosphate 
concentration is peculiar to the phosphate process, 
and advantage is taken of this fact by using a system 
of split solution flow in the absorber. The bulk of the 
hydrogen sulfide is absorbed in the lower section of 
the absorber with a 40 to 50 percent solution, while 
the more difficult absorption at lower hydrogen-sul- 
fide concentration is accomplished in the upper sec- 
tion with a relatively dilute solution. 


The system of absorbing hydrogen sulfide with 
solutions of different concentrations makes it un- 
necessary to regenerate all of the solution to the 
lower degree of hydrogen-sulfide saturation required 
for a low hydrogen-sulfide content in the treated gas. 
The dilute solution is obtained by returning the con- 
densate from the regenerator accumulator to the top 
of the absorber along with a small amount of the 
regenerated solution. The greater portion of the re- 
generated solution is returned to the lower section of 
the absorber. 


The effect of solution strength on the hydrogen- 
sulfide vapor pressure for 20 and 50 percent tripotas- 
sium-phosphate solutions for comparison is _ illus- 
trated by the equilibrium vapor-pressure curves of 
hydrogen sulfide over these solutions for various 
degrees of solution saturation. 


For many installations the phosphate process may 
be used economically for treating gases at tempera- 
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tures up to 200°F. This is often an advantage in puri- 
fying the gases supplied to polymerization plants. 
LIQUID-PHASE TREATING 

Liquid hydrocarbons may be treated for the re- 
moval of hydrogen sulfide. This is easily accom- 
plished with the phosphate process, inasmuch as tri- 
potassium-phosphate solutions are immiscible with 
hydrocarbons. Only one or two stages are necessary, 
depending upon the degree of purification required. 
The regeneration system is the same as that used for 
vapor-phase treating, and may be either the steam or 
direct-fired type. In liquid-phase as in vapor-phase 
treating, two-solution concentrations may be em- 
ployed to advantage in a two-stage treatment. 


ADVANTAGES OF THE PHOSPHATE PROCESS 

1. The process is economical. 

2. The process is practically non-corrosive to iron 
and steel equipment. (Copper or copper-bearing ma- 
terials should not be used.) 

3. Tripotassium phosphate is relatively inexpen- 
sive. 

4. Loss of solution is confined to leakage, which 
may be controlled. There is no loss of treating agent 
to the gas or liquid being treated. 

5. The process does not introduce catalyst poisons 
to the gas or liquid hydrocarbon treated for poly- 
merization or other processing. 

6. The process may be used economically for ab- 
sorbing hydrogen sulfide at temperatures up to 200°F. 

7. The process may be used for treating liquid 
hydrocarbons as well as gases, or a combination of 
treating steps using a common regenerating system 
may be employed. 

8. Direct-fired regeneration may be used to ad- 

[Continued on page 288] 
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Elements of 


Waste- Water Separator Design 


A Report of an Investigation Using a 
Model Separator 


W. B. HART, 


The Atlantic Refining Company, 
Philadelphia, Pennsylvania 


HE problem of removing oil from waste waters is 

one of long standing. In 1927 a survey to determine 
the extent of oil pollution was conducted by the Ameri- 
can Petroleum Institute. In 1928, as a result of the sur- 
vey, a Technical Committee for Prevention of Pollu- 
tion was authorized and organized by the Institute. 
One of the first problems scheduled for investigation 
by this committee was separator design. Work on the 
solution of this problem was started in 1929. 

When the Institute’s Divisions of Production, Refin- 
ing, and Marketing were organized, a waste-disposal 
committee was set up in each division. The problem of 
waste-water separator design became the major prob- 
lem of the newly-formed Committee for the Disposal 
of Refinery Wastes. Many separators were studied in 
all sections of the country, with the thought that those 
found most effective would be carefully investigated 
and their desirable characteristics merged into a stand- 
ard design for general application. This standard de- 
sign became a part of Section I of the Manual for Dis- 
posal of Refinery Wastes: “Waste Waters Containing 
Oil,” published in 1931. There was ample justification 
for this procedure in the attitude of many states and 
the federal government in the matter of stream and 
tidal-water protection. 

The separator design that evolved from the investi- 
gation just described was the result of a truly pioneer- 
ing effort. In many respects it was very effective, but 
it had its limitations. Little criticism was heard for 
some time, however; for extremely few refineries made 
any attempt to apply the design. By about 1934 rum- 
blings were heard from various localities. Many of the 
criticisms were the result of the increasingly drastic 
attitude of authorities in pollution prevention. Some 
were justifiable because of local conditions that were 
outside the limitations of the recommended design. 
Many were unjustified, and reflected a complete un- 
familiarity with an increasingly important piece of 
petroleum-industry equipment. 

The effect of these criticisms was the organizing of 
the country, by the committee, for a second study of 
separators, This study was carried out, and the results 
carefully examined. The group charged with the sepa- 
rator study on the East Coast was entirely convinced 
that no design reported possessed characteristics that 
would meet the really sound and constructive criticisms 
that had been directed at the standard design. 

At a meeting of the East Coast group on July 10, 
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[t should be stated that, although no large-sized 
separators have been constructed in accordance 
with the design data herein given, there is every 
reason to believe that they will discharge an efflu- 
ent that will be satisfactory in any locality. It has 
keen demonstrated that they will operate in ac- 
cordance with the same natural laws as sedimenta- 
tion chambers in sewage and water-purification 
practice. Investigators in these fields have shown 
that sedimentation phenomena may, in general, be 
successfully studied by the use of models, and the 
hydraulics duplicated in large prototypes. Dupli- 
cation in separator effectiveness, should follow, 
therefore, inasmuch as it is dependent upon the 
same natural forces. Further, separator construc- 
tion should not cause the tremendous expense that 
some anticipate. It is to be hoped separators will 
be constructed wherever necessary in order that 
the industry may rid itself of constant criticism, 
whether just or not, that the nation’s waters are 
being polluted with oil. 

This paper was presented at Eighth Mid-Year 
Meeting, American Petroleum Institute, Lassen 


Hotel, Wichita, Kansas, May 24, 1938. 











1936, the decision was reached that funds be requested 
for the building of an experimental separator for study 
of the problem. Approval of this procedure was given 
by the Executive Committee of the Institute on January 
22, 1937, and the funds became available in July, 1937. 
The design of the separator was started immediately 
at the Philadelphia refinery of The Atlantic Refining 
Company. The model was constructed in the shops of 
the same plant, and was put into service at this plant 
in November, 1937. 


FUNDAMENTALS OF OIL SEPARATORS 


The first consideration in the design of a piece of 
equipment is to establish what the apparatus is to do. 
The second important item is to fix the limitations of 
application. This, in effect, means the determination of 
the extent of allowable operating costs that are reason- 
able in the light of a general idea of what the equip- 
ment is to do. If costs of construction and operation 
were not important, many methods of procedure would 
be open for the doing of a perfect piece of work; but 
this easy way is not possible. The third idea to be 
defined is the degree of efficiency to be set up as a goal 
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obtainable within the limits of reasonable application. 

In the case of the waste-water separator, the purpose 
is to remove oil from waste water so the latter may 
be discharged to streams, etc., without creating oil 
pollution of these waters within the meaning of any 
rules or regulations that apply in the locality. 

The limitations of reasonable operating costs define 
the limits to which it is reasonable to go in applying 
various engineering unit processes. These limits re- 
quire that gravity be the main actuating force; that 
the simplest effective means for cleaning be employed; 
that the removal of the separated oil be accomplished 
with as little effort as possible, and a minimum amount 
of water be collected with the oil; that the ground space 
(plan area) be as small as possible; and, finally, that 
construction cost be as low as possible. Any reasonable 
unit-process application that aids in the above objec- 
tives is justified. 

The third factor is the degree of perfection to be 
attained by the equipment. This may vary in different 
locations; but it can well be stated at this point that 
the probable best preventative for “regulationitis” is a 
sincere effort toward the greatest possible correction 
of the condition at which regulations might be aimed, 
particularly when this condition is palpably wrong. 
In the early stages of separator study, an allowable oil 
content of 30 p.p.m.* was established as satisfactory 
for effluents. This figure was based on the oil content 
in effluents from separators that seemed to be most 
effective at the time of the first survey. It was more 
or less arbitrary, and was determined by an analytical 
method that is open to a great deal of question— 
although it was the best known at the time. Since 
then, in many localities, this allowance is looked upon 
as much too high. Figures of the order of 5 p.p.m. are 
not uncommon requirements, and most existing and 
proposed laws state that no oil is permissible. In the 
design of the experimental separator used for funda- 
mental study, the aim was to obtain an effluent that 
would be free of either iridescence or minute aggregates 
that would later liberate oil and cause iridescence. 

Before discussing actual design fundamentals, an- 
other kind of limitation should be referred to. Spe- 
cifically, this is the limit of the gravity-type separator 
which purports to separate oil from water when the 
oil exists in other than an absolutely free state. No 
gravity-type separator will separate oil from true emul- 
sions, such as white water, where the oil is in the dis- 
persed phase and the water in the continuous phase. 
Any emulsion of this type will pass through, and later 
create oil pollution in the stream receiving it, when the 
dilution is great enough to permit the oil to coalesce 
and break out as globules. This fact cannot be em- 
phasized too strongly. It will be absolutely useless to 
construct a separator and expect its effluent to test free 
of oil unless provision is also made to correct this type 
of emulsion. 


Certain so-called emulsions—loosely bound by a sep- 
tum sustained by coke dust or fine clay—with oil in the 
continuous phase and water in the dispersed phase, 
will have a gravity that may be equal to, or greater 
or less than, water. Such masses will either sink or 
float ; or, if in the aggregate they have the same gravity 
as water, they will move along with the water. They 
can be retained by a well-designed separator, and may 
be collected either from the surface of the water with 
the oil or from the bottom with the cleanings. This 
will be referred to in greater detail in the discussion 
of design. 





* Parts per million. 
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Another limitation concerns the expectation that a 
separator operate by itself. Obviously, the equipment 
cannot be expected to function efficiently if it is filled 
with dirt, tar, silt, etc. Separators have been observed 
that would have operated in a reasonably efficient man- 
ner if cared for, but which had approximately 85 per- 
cent of their effective depth filled with solids. Others 
have been seen in which no oil had been taken off 
probably for months, and the water space was so filled 
with heavy oil that it was coming through the outlet. 
A separator constructed with the best intention will 
soon become ineffective if forgotten and left to operate 
and maintain itself. 

Real progress in separator design began with the 
realization that the problem was closely allied to that 
of the sedimentation basin of the water-purification 
plant and the sludge-settling tank of the sewage-treat- 
ment plant. Prior to this time the problem was practi- 
cally one of cut-and-try. Since this time, by taking 
advantage of principles developed by sanitary engineers 
and by modifying them to meet conditions involved, 
substantial advance has been effected. 

The fundamental principles involved in the design 
of separators are substantially the following: Gravity- 
differential and water-gravity control ; distribution ; film 
destruction; and coalescence and filtration. These will 
be discussed in order. Other features will also be dis- 
cussed as they are found to be part of main issues. 

Gravity differential is the only actuating principle 
involved in separating oil and water, two immiscible 
substances. All other principles are employed to give 
gravity the maximum opportunity to operate. 

If we were to place some water in a flask, float some 
oil on it, and. somewhat violently agitate the whole 
mass of liquid, upon stopping the agitation and quickly 
examining the contents of the flask it would be seen 
that the oil had been broken up into globules, and that 
the globules had been distributed throughout the mass 
of water but were rapidly rising to the surface. It 
would also be seen that as each globule reached the 
surface it merged, or coalesced, with the oil film that 
had been formed almost as soon as the agitation had 
ceased. In this simple procedure is found all .the ele- 
ments of separator action. The agitation represents the 
action in the sewer, its junction boxes, etc.; when the 
agitation is stopped, there is the settling action of the 
separator. But this can only happen if the oil is free 
and not fixed in emulsions. Had an emulsifying agent 
been added to the flask, the agitation would have fixed 
much of the oil in emulsion form, and it would not 
have returned to the surface of the water. Rather, it 
would have been distributed throughout the water mass 
in minute globules, causing a milky turbidity. .This 
happens readily in sewers or pumps if the right emulsi- 
fying agent is allowed to reach the sewer mixture of oil 
and water. 

Much can be learned by considering the natural laws 
and examining the physical phenomena back of what 
has occurred in the flask. The first question, naturally: 
is what made the oil rise? 

The answer to this question is that it was caused 
by the difference in specific gravity of the two sub- 
stances. The specific gravity of water is 1.0; while that 
of the oil is either 1.0, or more or less than 1.0. To put 
it simply, if the oil has a specific gravity of less than 
1.0, so it is, as we say, lighter than water, a globule 
of oil will be subjected to unbalanced gravitational 
forces resulting in its upward displacement, eventually 
to the top of the water. If the oil has a specific gravity 
greater than 1.0, i.e., is heavier than water, the resultant 
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displacement of an oil globule will be downward, until 
it reaches the bottom of the water. But if the oil has 
the same gravity as water, the globule neither rises nor 
falls, as the displacing pressure is the same above and 
below. 
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FIGURE 1 


The difference in gravity is also an important factor 
in the velocity with which the oil globule rises or falls. 
As mentioned previously, if the specific gravity of the 
oil is exactly 1.0, the globule will remain motionless— 
suspended in the quiescent water—because the latter 
has a specific gravity of 1.0; but, as the specific gravity 
of the oil becomes increasingly greater or less than 1.0, 
so will a globule of the oil sink or rise through the 
water with increasingly greater velocity. This is true 
only when the various globules are of the same diam- 
eter. The size of the globule influences its vertical veloc- 
ity; the larger the diameter, the greater the velocity. 


These facts play an important part in separator de- 
Sign, as is indicated in Figure 1. Study of this figure 
will show that it is the well-known force parallelogram 
in which the velocity of a globule of oil of a given 
diameter, and of a specific gravity less than 1.0, is re- 
lated to the horizontal velocity of the water through 
which it is rising. The diagonal is the resultant path 
of the globule. Obviously, the greater the globule veloc- 
ity, the greater will be the angle ®, and the shorter the 
required length of separator. 


It would thus seem desirable to develop some mathe- 
matical method that would readily indicate vertical 
velocities or horizontal distances to allow for rise, so 
that all oil would be retained. This proposition was 
attacked from the basis of Stokes’ law. The plan com- 
prehended the calculation of sufficient factors to permit 
experimental check in an apparatus, such as shown in 
Figure 2. Considering first the basic law of Stokes, it 
may be expressed by the equation: 


2 . s—s’ 
v="9 er P 8 
In which: 


v= the velocity of subsidence, mm. per sec. 
g = the acceleration of gravity, mm. per sec. 
r= the radius of the particle, mm. 

s =the specific gravity of the particle. 

s'= the specific gravity of the liquid. 
“=the viscosity of the liquid. 
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With fixed specific gravity, the relation between the 
size of the particle, in millimeters, and the velocity of 
subsidence, in millimeters per second (hydraulic sub- 
siding value) is not always a constant one. Hazen and 
others have shown that the velocity of subsidence for 
sand varies with the particle size as follows: 
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a. 1.00 m.m. and larger, as the square root of the 
diameter. 

b. 0.10 mm. to 1.0 mm., as the diameter. 

c. 0.10 and smaller, as the square of the diameter. 

Thus, a particle of 1.0-mm. size will settle approxi- 
mately 12 times as fast as one of 0.10-mm. size, and 
650 times as fast as one of 0.01-mm. size. 

The shape of the particle affects its subsidence rate 
because of skin effect. 
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FIGURE 2 


Inasmuch as the volume and, as a result, the weiglit, 
varies as the cube of the diameter, and the surface 
area varies as the square of the diameter, it is evident 
that the surface area per unit of weight varies inversely 
as the diameter. Obviously, therefore, the smaller the 
size, the greater the surface area per unit of weight. 
For a given particle size, a spherical solid particle pre- 
sents the least surface area per unit of weight. With 
angular, sharp-cornered, ovate, or other shaped particles 
the surface area and, as a result, the skin friction, will 
be greater (see Figure 3). 

It should be noticed that, as the globule reduces in 
size, there is greater disagreement—probably indicating 
the influence of the higher-ratio zone of influence. 

Before any mathematical design guide can be de- 
veloped, other factors must be considered. Most impor- 
tant among these are: 1, temperature; and, 2, concen- 
tration of particles. 


Temperature affects both the gravity and viscosity 
of the water through which the particle must travel. 
In order to clarify this effect, and to show the relation- 
ship between the effect on specific gravity and on vis- 
cosity, the experiments of Poiseuille offer an entering 
step. Based upon these experiments, the relation be- 
tween the viscosity # and the temperature T (° C.) is 
expressed : 

0.0179 
* = 1+0.03368 T-++0.000221 T? 





The relation between the viscosity at any tempera- 
ture ¢t (° F.) to that at 50° F. is commonly taken as 
approximately : 


60 
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Hydraulic subsiding values of oil globules have been ex- 
perimentally determined with the apparatus shown in Fig- 
ure 2, and are compared with the findings of Hazen and 
others to the effect that solid particles of 1.0 mm. in diam- 
eter, or greater, vary in subsiding value as Va. The follow- 
ing experimental oil-particle velocities are corrected for 
water viscosity due to temperature : 


For the oil particle D = 


(a) 7.12 mm. 


hydraulic subsiding value 83.5 mm. per sec. 
(b) 5.99 mm. 


hydraulic subsiding value 79.0 mm. per sec. 
“2 W712 : V5.99 : :83.5 : 79.0 


26/: 244: :83.5-:790 
2.67 79.0 = 210.9 2.44 8.35 = 203.7 


(c) 5.52 mm. hydraulic subsiding value 113 mm. per sec. 
(d) 4.77 mm. hydraulic subsiding value 109.5 mm. per sec. 
“. 5.52 : V4.77 : :113.0 : 109.5 
2.34: ° 218 : :113.0 : 1095 
2.34 109.5 = 256.2 2.18 113.0 = 246.3 
(e) 5.34 mm. hydraulic subsiding value 121.9 mm. per sec. 
(f) 4.52 mm. hydraulic subsiding value 103.5 mm. per sec. 


*. V5.34 : V4.52 : :121.9 : 103.5 
2314: 2.33: : 121.9 :1635 
2.31 103.5 = 239.8 2.13 121.9 = 259.6 














FIGURE 3 


Hazen and others believed that, for particles smaller 
than 0.1 mm., viscosity controls the rate of settling; 
and that for particles larger than 1.0 mm., friction 
controls. In between the two sizes, both viscosity and 
friction were thought to be effective. ‘ 

The relative effect of the two factors will depend on 
the size, shape, and specific gravity of the particles. 
It can be demonstrated, as shown by G. J. Schroepfer 
in Sewage Works Journal, 5 [2], an article from which 
much of the above data has been taken, that by sub- 
stituting for 

horde 
bu the value 0.013 779 in ~ F.), 
with v in mm. per sec. and d (diameter of particle) in 
mm., Stokes’ law becomes: 
t-+10 


v = 4.18 (s—syar(T? 


Assuming sand with specific gravity of 2.65, and of 
uniform size of 0.1 mm., the formula becomes: 


i) 
= ind ~1 a a 
v = 4.18 (2.65—s ( 60 

Assuming 
1.20, and of uniform size equal to 0.1 mm., the formula 
becomes: 


0 
v = 4.18 (1.20 — s’) (4° 
In the two equations above, (2.65—s*) and (1.20—s'), 





ste) 
60 

in each is the effect of viscosity. These are tabulated for 
various temperatures in Tables 1 and 2. Figure 4 gives 
the effects of temperature on specific gravity and viscos- 
ity of water. From Figure 4 it is evident that the 
changes in specific gravity of water, which are due to 
temperature, are too small to be of much importance. 
For the organic matter (specific gravity 1.20) the sub- 


respectively, are the effect of gravity; and ( 
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organic solids with a specific gravity of. 


TABLE 1 


Effect of Specific Gravity and Viscosity on Subsidence for 
Particles of 0.1 Mm. 


(Specific gravity, 2.65) 





























( t+10 ) 
Temperature (° C.) (2.65—s!) 60 Product | v Equals 
DE ds cea ng action sxe 1.6505 0.70 1.158 4.85 
| TR Eee Pe eae 1.6505 1.00 1.650 6.90 
PP So. pre ae 1.6520 1.30 2.150 9.00 
SEE Te eer yar ee 1.6550 1.60 2.650 11.10 
Increase from 0 to 30 per- 

Gis. cot eee ceasehia 100.3 228.5 228.8 228.8 

TABLE 2 


Effect of Specific Gravity and Viscosity on Subsidence for 
Particles of 0.1 Mm. 


(Specific gravity, 1.20) 


















































( t+10 ) 
Temperature (° C.) (1.20—-s') 60 Product v Equals: 
De kc pte dy seo tobe cout 0.2005 0.70 0.140 0.586 
RSs coda Rede Roe evion 0.2005 1.00 0.200 0.837 
SE Sy etree ry 0.2020 1.80 0.262 1.100 
Msi fd tind hae eee eae 0.2050 1.60 0.328 1.370 
Increase from 0 to 30, per 
ee Pee arr ee ee 100.2 28.5 234.3 233.8 
Jo T T T t t 
0.00/79 
_2oOb x (0.073687 t 0-00022/ 72_ 
% 
Ss tffect of 
Q Jemp.on Sp. Effect of 
10 Gr. of Water.  Temp-on the aa 
& Viscos ity of water 
K q 
Oo 4 1 1 1 rl 
0.996 0.998 -000 0, 0-0/2 0-014 0.0/6 2018 
” Spee grav. ~" oe Or seority Py (C: 6. m4 units) 
FIGURE 4 


sidence rate is increased only 2.5 percent by an increase 
in temperature of from 0 to 30°C. But for the same 
temperature range, the change in viscosity brings about 
an increase in subsidence velocity of 129 percent. This 
is much more important than the increase from the 
specific-gravity change. The major importance of spe- 
cific gravity is its influence in causing currents and 
stratification, thereby reducing actual detention time. 

The effect of concentration or density of particles in 
a fluid is believed to be one of joining together of 
smaller particles into larger ones of increased subsi- 
dence rate. This may come about either because of 
cohesion or flocculation. 

All the above factors are discussed from the stand- 
point of solid particles that are heavier than water. 
It is reasonable to believe, and experiment has con- 
firmed to a reasonable degree, that they may be applied 
to globules of liquid that are immiscible with water and 
that are lighter or heavier than water. Mathematically, 
the relation becomes one of a negative or postive sign 
in solving the equation for Stokes’ law. 

When consideration of the problem is focused di- 
rectly upon globules of oil as the suspended particles, 
but with water still as,the mass in which they are sus- 
pended, certain other factors present themselves. They 
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result from the mobility of the oil, which causes the 
particle continually to change its shape. The tempera- 
ture, by reducing the viscosity of the water, adds to 
the ease with which the shape of the globule is changed ; 
also, by causing expansion, it results in a change in the 
specific gravity of the globule. 

The globule of oil in traveling through the water 
meets resistance to the line of travel, and tends to flat- 
ten at the poles of this axis. The result is easier motion 
in a side direction, until resistance again changes its 
course. The path of travel, therefore, becomes a zigzag 
one—which not only decreases considerably the net sub- 
sidence velocity by creating a longer path, but also adds 
to the resistance due to skin friction. 

Of greater importance is the change in specific grav- 
ity. Oil expands rather rapidly when heated, while 
water expands to a much lesser degree. Assume that 
a globule of oil weighing 1.05 g. has a volume of 1 ml. 
Such a globule would displace 1 g. of water, and would 
sink because it displaces less than its own weight. Now 
assume that there has been an equal and considerable 
increase in temperature in the oil and water. The water 
expands but little while the oil changes in volume from 
1 ml. to 1.1 ml. The globule now displaces 1.1 ml. of 
water which weighs 1.1 g., while its own weight is still 
but 1.05 g. The globule will now rise, because it dis- 
places less than its own weight. 

When all the foregoing data were examined, formu- 
lated into a usable tool, and applied to problems that 
would permit of experimental check, a coincidence in 
results was obtained that followed reasonably closely 
those reported by various workers with sewage sedimen- 
tation. These results may be condensed to the formula 
developed by Babbitt and Schlenz: 


(D + 226)C 





| 2 


In which: 

R=the percentage removal. 

D = detention period, min. 

C = concentration of oil, p.p.m. inlet. 
Solving for D, the equation becomes: 


[3.72R(C + 54)] — 226C 
C+ 0.93R 





D= 


Assuming a normal sewer delivery of about 10,000 
p-p.m. of oil, and assuming a requirement of 100 per- 
cent removal, the best estimate that can be made of 
detention time with any procedure we have at hand 
today is that determined by the above formula. Solving 
the equation, the required detention time would be 348 
minutes, or 5.8 hours. This would mean that, for every 
1,000,000 gallons of waste water there would be re- 
quired 241,700 gallons of sedimentation capacity in the 
form of a separator of the order of 50 feet wide, 110 
feet long, and 6 feet deep. Every factor that will con- 
tribute a reduction of this equipment size is of value. 
Among these factors, all of which are accessory—inas- 
much as their purpose is to provide optimum conditions 
for gravity differential to operate—are distribution, film 
rupture, scrubbing, or absorption, combined with coa- 
lescence, and filtration. 

Distribution may be defined as the delivery of flow 
to the sedimentation chamber in equal rate to every 
cross-section point, so that each vertical cross-sectional 
plane follows the other in orderly fashion. Under such 
conditions, a globule of oil will rise or sink in the same 
manner as through quiescent water, except that it will 


* Hydrogen-ion concentration. 
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be influenced by the horizontal velocity of the moving 
water. This is the condition of Figure 1. 

Emphasis has been placed on the necessity for the 
oil being free—not bound in emulsions of high stabil- 
ity. There have also been mentioned so-called emulsions 
which are not highly stabilized. As a rule, in these the 
oil is in the continuous phase and water is in the dis- 
persed phase. Usually the mass of emulsion is bound by 
a film or membrane in the form of a “glob” or “liver,” 
as it is sometimes called. By the rupture of this film, 
and of internal films, the glob may be progressively 
broken down into particles of oil, each subject to the 
conditions of its own gravity. 

Other conditions to which this fundamental is im- 
portant is the case of the particle of silt upon the sur- 
face of which is held a layer of oil assumed to be of a 
thickness of one molecule. Gas bubbles from putrescent 
water or bottom settlings will also become carriers of 
oil. Conversely, a particle of oil may be the nucleus 
carrying a layer of silt or coke. In any such case the 
gravity of the aggregate may be the same as the water, 
and the oil in the mass will not be retained. Further, 
by freeing the oil either from the loose emulsion or 
from the oil-silt, gas-oil, or oil-coke aggregates, the 
free oil will have opportunity to join other particles to 
form larger globules of higher hydraulic sedimentation 
rate. When the process of film rupture and coalescence 
is conducted right in a mass of oil, there is a real ab- 
sorption by the oil mass; and, to a large extent, incom- 
ing oil is scrubbed out of the water and retained. 

It has been found that by far the greatest part of 
the retention time is required for the removal of the 
last few parts per million of oil. Any procedure or 
device that can be substituted for sedimentation will 
greatly reduce the size of the separator and, therefore, 
its costs. Such a procedure is filtration. This is a well- 
known unit process of chemical engineering, and needs 
no further explanation—other than to say that, to some 
degree, its effectiveness is due to absorption by the 
cloth used. More or less frequent flushing of the cloth 
is necessary, as the layer of suspended matter builds 
up and retards the passage of the water. 


APPLICATION OF ‘tHE FUNDAMENTALS 

Knowledge of fundamentals is of little value without 
the additional knowledge of how to use them. The first 
question in this connection is how to control the gravity 
of the water from which the oil is to be separated, and 
then how to provide for the optimum functioning of 
gravity differential. 

Control of the waste-water gravity is a matter of 
controlling the wastes discharged to the sewers which 
deliver to the separator. High acidity, i.e., that will 
lower the pH* of the water below about 4.5, should be 
prevented. Likewise, high alkalinity, i.e., that raises the 
pH above about 10.0, will cause difficulty in many in- 
stances. High dissolved solids may also affect gravity, 
and should not exceed 1000 p.p.m. Inasmuch as these 
conditions are matters of water pollution themselves, 
their correction serves a double purpose. For the same 
reason, their control is a distinct feature in itself, and 
is not detailed here. 

The most important condition for bringing about 
optimum functioning of gravity differential is good dis- 
tribution. What is meant by distribution has been out- 
lined. How to obtain it is sometimes difficult, as is also 
protection of the distribution after it is obtained. In 
general, it may be said that distribution is obtained by 
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dissipation of the kinetic energy in the flow of water 
as it enters the separator. Although this sounds simple, 
many devices and combinations of devices have failed 
to obtain better than 60- to 70-percent efficiency. 
Methods that have been applied vary greatly; but, in 
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FIGURE 5 


general, they consist of baffling the high-velocity flow 
as it leaves the sewer pipe—spreading this flow later- 
ally, and then introducing the fluid into the settling 
basin over weirs, through ported baffles, through stone- 
filled boxes that cause sufficient head loss to distribute 
the flow, or through slotted baffles in which the slots 
run either vertically or horizontally. More highly de- 
veloped slotted baffles are equipped with shutters by 
which the flow through the slots can be controlled in- 
dividually or by groups. Various types of distribution 
weirs and baffles are shown in Figure 5. 

The installation of a weir or baffle in a sedimenta- 
tion chamber does ypt mean that the greatest possible 
distribution is assured. Regardless of the extensive 
studies and experiments that have been made, it is 
still recommended by those best versed in the subject 
that baffling be held to a minimum. And of particular 
importance is the recommendation that no baffle be 
firmly fixed in place. Instead, it should be movable both 
vertically and horizontally, and in operation should be 
located by trial with the actual chamber in which it is 
to be used. Also, experience has shown that most effec- 
tive application points for weirs or baffles are at the 
inlet and outlet zones, leaving an undisturbed space 
in the main body of the chamber for gravity differential 
to exert full play. 

Much study and effort may be exerted to obtain the 
best possible distribution ; and then, through some seem- 
ingly unimportant feature of design, the efficiency will 
be destroyed. In this connection, one of the common 
design errors is to place angular supports or other struc- 
ture in the main body of the separator. Any columns, 
supports, or other structural features in the water body 
should be designed in “streamline” cross-section in the 
direction of flow, with ample radii wherever necessary. 
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The careful attention that is due the item of distribu- 
tion because of its importance is worthless and wasted 
unless the precautions to protect the distribution are 
also employed. 

For the rupture of films or membranes, heat, agita- 
tion, or actual puncture is effective. These processes 
may all be carried out in the presence of a large mass 
of oil, thereby promoting coalescence and the formation 
of large globules of high hydraulic sedimentation rate. 

Filtration is a matter of mechanical application and 
operation that permits flushing of the cloth. The rate 
of flow also is important. Best results are obtained at 
a rate which does not exceed 0.5 cubic feet per square 
foot per minute. 

The application of these fundamentals will be most 
apparent from their application in the experimental 
separator. 


THE EXPERIMENTAL SEPARATOR 


In the development of a design for the experimen- 
tal separator, consideration was given the following 


fundamentals : 
From the standpoint of construction— 
. Gravity differential. 
. Film rupture and coalescence. 
Globule size. 
. Distribution. 
. Retention time. 
Depth of flow. 
Ratio of width to length. 
Baffling. 
. Oil clean-up vs. water clean-up. 
Iridescence retention. * 
. Aeration and oxygen absorption. 
the standpoint of operation— 
. Removal of settled material. 
. Removal of separated oil. 
. Control of water gravity. 
. Control of water viscosity. 
. Control of oil gravity. 
f. Measurement of flow. 
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It would be of no particular value to detail here the 
extensive calculations, design sketches, paper work, 
etc., that attended the preparation of plans for the 
separator. Rather, suffice it to say that a fixed width 
was set that would permit the equipment to be handled 
on a freight car. All other dimensions were made 
variable in greater or lesser degree. 
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A—tThe stone cell for film-rupture coalescence and distribution. 
B—tThe inlet distribution chamber for dissipating energy of inlet flow. 
C—The flight-scraper cleaning device. 

D—The oil-retention baffle. 

E—tThe out-fall weir. . 

F—tThe inlet distribution weir—same in both stages. 
G—Slurry-collecting chamber, 

H—Oil-skimming slotted pipe. 


FIGURE 6 


The Experimental Separator in Section. 


The various fundamentals are worthy of brief dis- 
cussion concerning their application, as shown in 
Figure 6. 

Gravity differential has been described as being the 
only basic fundamental of the procedure. It needs no 
further discussion here. 

Film rupture and coalescence were provided for in 
the stone-filled cell shown in Figure 6. By placing 
this as shown, the entire flow of the separator is 
passed through the cell, in which is retained a mass 
of oil, so that film rupture and coalescence may occur 
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as much as possible. It is important that the flow 
pass through the cell from top to bottom, inasmuch 
as the stone- or clinker-fill acts both as a filter and 
distributor. Should stoppage occur, the distribution 
provided by the weir which precedes the cell will be 
interferred with by channel effects. The flow from 
top to bottom will bring any such stoppage at the 
top of the cell, where the stone or cinder may readily 
be stirred up and cleared. 

Globule size is also provided for by the cell. To the 
degree that every particle of oil is caused to coalesce 
and that the accumulated oil fills the stone cell, 
eventually the oil will reach the water bottom of the 
cell and pass on into the sedimentation section. In 
doing so, with no confining orifice or other restraint, 
only large globules of oil will detach themselves. 
These will have a high hydraulic sedimentation rate, 
and will come to the surface in a very short length 
of. separator. 

The question of a choice between weirs and baffles 
for distribution required considerable study. Weirs 
alone, baffles alone, and a combination of the two 
were considered. Knowing the controversial aspect 
of any discussion of weirs vs. baffles, and also know- 
ing the critical effect of baffle position, the final de- 
cision was to use inlet and outlet weirs as distribu- 
tors, with no baffling of any kind in the sedimenta- 
tion space except a short oil retainer at the outlet end. 
This type of design has proved its value. Under 
closely-controlled conditions of operation and ma- 
terial to be handled, baffles would possibly give a 
greater efficiency ; but, for general application, where 
simplicity and a minimum of attention are factors, 
the weir is the most satisfactory, over-all efficient 
device. 

Fixing a definite retention time was a troublesome 
question. Calculated retention requirements were im- 
mediately seen to be out of any reasonable range, and 
there was no real guide to a definite figure. It was a 
fortunate circumstance that final filtration was 
studied at this same time. This procedure held out 
promise of such good results that finally retention 
time was left open, it being planned that varying 
retention periods would be tried and results noted. 

Depth of flow, as well as the relation between width 
and length, is debatable. Some will. argue that by 
using great depth a longer retention period can be 
obtained with less ground space. Others will argue 
that shallow separators will result in a shorter path 
for a particle either to rise or to sink and be retained. 
In the final analysis, it will be found that both depth 
and width influence distribution to a great extent. 
Too much depth will permit gravity and temperature 
to operate, and produce stratification and short-cir- 
cuiting. Too little depth will tend to reduce retention 
time, but probably will aid distribution. As a result, 
there is an approximate balance within a certain zone. 
By this is meant that there is probably little to choose 
between, say, 6 feet and 8 feet as depth figures; but 
between 6 feet and, say, 16 feet the shallow separator 
1s more desirable. 

A shallow separator is more likely to be uniform in 
action, and is easier to keep clean. Its construction 
cost will also be less in many cases. The depth of the 
experimental separator was set at an average of 3 
feet, so that any working equipment calculated from 
the model would have a depth that would not be un- 
reasonable or interfere. with distribution efficiency. 


A somewhat more definite idea of width and length 
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may be had from other factors. For example, the 
separator must be long enough to permit the oil 
globules to come to the surface so they may be re- 
tained. This length must include the necessary factor 
of safety. As to the width, it is more or less governed 
by the requirements of weir length to give proper 
distribution without too great a head loss. No logical 
relationship that can be mathematically expressed 
has been found. Without such a logical basis or, in 
fact, any real evidence of an optimum ratio of width 
to length, it is a matter of common sense to give the 
separator the most efficient length, and then make it 
wide enough to bring about the necessary head loss 
over the weir to give good distribution. Such a ratio 
may vary anywhere from the width equal to one half 
the length to the width equal to the length. 

It will be noted that no mention has been made of 
velocity of flow, a matter that was continually 
stressed in the first separator-design recommenda- 
tion. The only consideration given velocity in our 
present knowledge of separator design is that the 
separator should not be made so narrow, in relation 
to its length, that a high velocity is developed in the 
flow—a high velocity in this case meaning something 
in excess of 3 feet to 4 feet per minute. A separator 
which in each stage or section is from one third to 
one half as wide as it is long seems most logical, and 
also lends itself well to unit construction. 

3affling, unless of intricate design that would per- 
mit extensive variation in application, would prob- 
ably cause more difficulty than it would return in 
value. In attempting to increase distribution effi- 
ciency, or simplify oil collection, it is very easy to 
bring about an exactly opposite effect. If intricate 
baffles are used, it is next to impossible to translate 
their design and position in the model into terms of 
application to large-size equipment. Hence, no baffles 
are used in the model separator other than the small 
oil retainer at the outlet end—which was previously 
referred to—and the out-fall baffle, which in reality 
is an outlet-end distribution weir. 

Oil clean-up vs. water clean-up is probably a phase 
that will puzzle many. It is used for want of a better 
one that is a brief. What it refers to is that one set 
of conditions is efficient and practical for removing 
most of the oil. An entirely different set of conditions 
is necessary for the final clean-up of the water before 
disposal. In retaining and collecting the major por- 
tion of the oil, there will be a corresponding retention 
of the major portion of the settleable solids. Pro- 
vision must be made for the removal of this material. 
In collecting the oil it must be brought to the col- 
lecting system in some manner and picked up. While 
the disturbance caused by the frequency of these op- 
erations may be of little moment in the first case, it 
might be sufficient to upset the very necessary 
quiescence in the. water-clean-up phase. In the latter 
case, it might be said at this time that an attempt was 
made to use the law of surface attraction for water 
clean-up by suspending wooden slats in the flow. 
The principle involved is that the minute particles of 
oil or other suspended matter could accumulate on 
these surfaces and be retained. This procedure re- 
turned no increase in clean-up, and it is believed the 
eddy currents resulting from the obstacles and cor- 
ners probably carried the particles away from the 
surfaces, so that cohesion had little chance to operate. 
The final development was a two-stage separator in 
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which the separate functionings were provided for 
in separate compartments. | 

The removal of all iridescence seemed to be a hope- 
less problem when sedimentation alone was em- 
ployed. True, by reducing the flow so that the reten- 
tion period approximated the calculated figure, irides- 
cence was minimized to a degree that could be called 
practical elimination. Yet every so often a particle 
would come along that had so nearly the same grav- 
ity as the water that it was carried out with the 
effluent. When it was further agitated, the oil would 
break out and produce the rainbow effect so well 
known. The removal of these particles seemed pos- 
sible only by filtration. When this was tried, its effec- 
tivenes through such a large range of flow rates was 
so favorable that it was immediately recognized as 
being the answer to reduction in retention time and 
separator size. Its use was at once provided for, but 
not in the actual separator design. The simplified 
application was developed after the experimental 
separator was in use; therefore, the design features 
will be a separate matter. 

To many, aeration and oxygen absorption will 
mean little ; but it is a matter that must be given con- 
sideration in many sections of the country. Refinery 
waste waters frequently carry odors of naphtha that 
are not difficult to remove by agitation. This is not 
true of waste-water odors resulting from disposai of 
waste caustics and similar substances. These should 
never reach the sewer without first having been sub- 
jected to odor-removal processing. Dissolved oxygen 
in varying degree is also a requirement in some lo- 
calities. To provide for this, the experimental sepa- 
rator was constructed with an out-fall weir that 
splashed the water around as it cascaded down from 
the crest. In this manner much of the odor will be 
released, and at times as much as 1.5 to 2.5 p.p.m. of 
oxygen is absorbed. 

Turning now to fundamentals of operation, the first 
and foremost involves keeping the separator clean so 
that its ability to function is maintained at all times. 
This was one of the main complaints received con- 
cerning the original design in Section I of the Insti- 
tute’s manual. Even though it is hard to understand 
how a sedimentation chamber, no matter how ineffi- 
cient, can be expected to keep itself from filling up, an 
attempt was made to provide a means for easily 
keeping the equipment clean—both at the bottom and 
at the surface. The best method found takes the form 
of what is known as a “flight scraper.” It consists 
of a continuous pair of chains, motor-driven, which 
carry cross-planks at even intervals. The planks 
travel along the surface of the water, about one half 
of the lower part being below the surface so that the 
layer of oil is moved forward into a slotted pipe 
which is placed across the entrance end of the sedi- 
mentation section. This pipe may be rotated so that 
the lower edge of the slot can be adjusted accurately 
to skim all the oil with very little water. One bearing 
on which the slotted pipe rotated is a lead-off line to 
a tank in which the skimmed oil is collected to be 
pumped away. As the planks or flights move on 
around, they pass under the surface, downward, and 
then along the bottom where they move the settled 
material to a bottom recess from which it may be 
cleaned out in slurry form to a draining tank or 
board, either under hydrostatic head or by pumping. 
The water drains off and returns to the separator ; the 
solids are then disposed of in the most advantageous 
manner. The flight scraper is only operated as 
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needed, perhaps two or three times in 24 hours. It 
creates practically no disturbance, for its forward 
velocity is. only 1 foot per minute. Right here it 
should be stated that this combination of equipment is 
a plain “steal” from the sewage-disposal procedures. 

The control of water gravity is not exactly an es- 
sential feature, but a highly desirable one. High 
acidity, high alkalinity, and excessive dissolved solids 
—all will change the gravity so that disturbance will 
result in the separator. Inasmuch as these conditions 
are in themselves problems of proper waste disposal, 
and have been mentioned previously, no further con- 
sideration is given the matter here. 

Control of water viscosity is a fundamental that 
has been amply discussed. The warmer the water, the 
better the separation. To warm the water on purpose 
would be a costly procedure as a rule, but every effort 
should be made to conserve any heat that the waste 
may carry. This statement must be qualified in the 
event the heat of the discharge waste water may seri- 
ously affect the temperature of the body of water re- 
ceiving it. 

The control of oil gravity is another matter that 
will be necessary in only rare instances, i. e., when 
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FIGURE 7 


A Sketch of the First, or Oil-Recovery, Stage—Major 
Dimensions Are Shown. 


the waste to be sepaarted has a gravity very close to 
that of water. Under these circumstances, a lighter oil 
may readily be sprayed into the stone chamber or cell 
to mix with the waste, and produce an average grav- 
ity that will have a satisfactory hydraulic sedimenta- 
tion rate. Laboratory investigation should be resorted 
to in order to determine the most satisfactory oil to 
use for mixing. 


The rate of flow through any separator is valuable 
information. Water-pumping costs have been reduced 
by the operator of the separator when he has been 
able to see that an excessive flow was coming 
through. Frequently the reduction comes about by 
eliminating unnecessary flow to condensers or idle 
equipment. In some localities, it is required that the 
rate of flow be reported. 

For the experimental separator, a special weir box 
was provided. In the plant equipment, the out-fall 
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weir may be used as a measuring device to obtain a 
very close approximation of the flow. 


DIMENSIONAL DATA FOR THE SEPARATOR 

Figures 7 and 8 illustrate better than pages of ex- 
planation just how the experimental separator was 
constructed. Interest will center on the dimensions, 
the results obtained, and a method for translating 
these results into dimensions for plant-size equip- 
ment. Again referring to Figure 6, the dimensional 
relation to the assembly is made clear. The only fur- 
ther detail necessary was that the equipment be an 
all-steel, welded job so designed as to give an average 
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FIGURE 8 
A Sketch of the Second, or Water-Clean-Up Stage—Major 
Dimensions Are Shown. 


of about 25 percent variation in practically every 
dimension except width, which was fixed for trans- 
portation at 8 feet. 

In examining the effectiveness of the separator, it 
is necessary to understand that two separate features 
are involved. This is due to the testing methods used. 
The first feature is that of the total ether extractable 
in the effluent. The second is the visible iridescence 
on the effluent. 

In making comparisons on the basis of the first 
test, it should be understood that the test consists 
of flocculation of all suspended matter in the effluent 
sample, filtering off the floc, and extracting it for 2 
hours with refluxed ether. The ether is then evapo- 
rated from a measuring tube of special design, and 
the organic matter remaining measured by volume. 
The sample taken approximates one quart; and, 
after it has been emptied from the bottle, the latter 
is washed with ether, which is then filtered and added 
to that in the extraction. 

It will be realized at once that this is a most drastic 
test. It recovers all organic matter present. Since 
Schuylkill River water, which is heavily laden with 
domestic sewage, is the plant water supply, there are 
reported by the test all the colloidal sewage fats, oil, 
and other organic matter. It is not surprising, there- 
fore, that this test gives results of from 5 to 25 p.p.m. 
of ether extractable. River water has been shown to 
have the same range. In fact, there are tests of record 
to show an organic content of 37 p.p.m. 
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TABLE 3 
Operating Conditions 

















Retention Period 
At 55- | Calculated 
Rate Calcu- | Percent | Forward 
(Cu. Ft.| lated | Efficiency; Velocity 
Per (Ft. per 
WATER USED Min.) (Minutes) Min.) 
1. Waste water from cracking 
area, tank bottoms, stabili- 
zation and polymerization 
OE are 8 112 56 
12 74 37 0.43 
16 56 28 0.57 
36 26 13 
2. Waste water from drawing 
down tank bottoms*....... 24 36 18 0.86 
40 23 ll 1.43 




















Examination of Effluent 











Rate Ether 
(Cu. Ft. Extractable| Turbidity 
TEST No per Min.) pHt (P.P.M.f) (P.P.M.f) 
| RA ee 8 6.9 17 100 
tes Maes lee aen 12 7.0 21 77 
. REA A eee 16 6.8 22 58 
| Re ree at ea yt 36 6.9 25 72 
eee ee cee 24 ali 20 er 
aE ee: 40 28 




















* This test run at Sun Oil Co. refinery, Marcus Hook, Pa. 
+ Hydrogen-ion concentration. 
t Parts per million. 


The visual test for fluorescence is a much more 
valuable one by which to gauge the effectiveness. 
This is particularly true when there is also informa- 
tion as to turbidity of the effluent. The latter will 
show the presence or absence of emulsions. A tur- 
bidity test of 25 p.p.m., as shown by the Jackson 
turbidimeter, will indicate a clarity in which emul- 
sions and colloids are at a minimum. When sus- 
pended matter is also known, a complete story is 
available. 

Based upon these understandings, the average 
effectiveness as shown in Table 3 was obtained. 


At first glance it would seem that these results are 
not very favorable. With full understanding of what 
they indicate, they tell a considerable story. They are 
all taken from tests in which sedimentation alone 
was used. They were made using wastes of about the 
meanest characteristics that will be encountered. Of 
greatest interest is the wide range of capacity with 
little change in effluent; the fact that no filter was 
used; that from the turbidity there was an unsus- 
pected amount of both emulsion and colloidal matter 
in the water which markedly increases the ether ex- 
tractable, and that the iridescence on the effluent and 
small “rainbow-producing” particles were at a mini- 
mum. The indicated next procedure was the removal 
of these visible conditions by filtration. Inasmuch as 
cooperation with certain authorities required that the 
equipment be moved to another refinery at this time, 
the experimental work on filtration was continued at 
Philadelphia as a separate investigation. 

With the realization that sewage fats, etc., were 
always possibilities, the work was based on removing 
iridescence and suspended particles that would pro- 
duce iridescence when released. Crude screens applied 
to existing plant separators had already demon- 
strated that this could be done, even though the 
filtering agent was only cheesecloth. Examination 
and experiment was started with various types of 
cotton and wool cloths tc determine their filter rate 
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and their ability to retain the iridescence. The ex- 
periments conducted show that, even with a rather 
tightly-woven cloth, a filtering rate that is not pro- 
hibitive is possible. The most important information 
obtained, however, was that the rate to be used 
in practice was not governed by what could be put 
through the filter, but by how slowly it must be put 
through the cloth to retain the iridescence. It was 
also learned that careful consideration must be given 
this rate so as to retain an almost balanced head on 
both sides of the filter, or serious mechanical diffi- 
culties will be encountered. On several occasions 
seemingly contradictory results were obtained. These 
were discouraging until their cause was discovered. 
First ideas were that only the upper layers of the flow 
need be filtered. This was soon found to be quite in- 
correct; for particles passed under the screen, and 
iridescence on the effluent resulted. Again, when a 
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LLEVATION 





A—The filter tank. 
B—Distributing baffle. 
C—Rubber seals sustained by spring clips. 
D—Revolving filter or screen. 
E—Shafts. 
F—Bearings. 
G—Worm-and-gear drive. 
H—Oil-retaining baffle of separator. 
I—Out-fall distributing weir of separator. 
J—Outlet compartment of filter. 
K—Outlet from filter proper. 
L—Platforms. 

FIGURE 9 


General Filter Construction. 


full-sized screen was built and put into service, some 
oil film came through. The cloth used was one that 
in the laboratory had shown much promise. But when 
the screen was taken out of service and examined, 
it was found that every fiber was in such tension that 
practically open holes existed. Investigation revealed 
that, when the screen had been made, the cloth had 
been carefully stretched and fastened to the frame. 
Inasmuch as there is always some shrinkage, when 
the screen was put in service the cloth was pulled so 
tight that it could do no filtering. When filters are 
constructed, there must be allowance for this. 
Calculations for applying a filter to the experi- 
mental separator indicated that a cross-sectional filter 
would not provide the necessary area to permit the 
required filtering rate. It was necessary, therefore, to 
design a unit that could be used in multiples of a re- 
quired size to give the necessary area. The matter 
was discussed with continuous-screen manufacturers, 
and a very practical and usable unit designed.. It may 
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be installed independently, and as much area pro- 
vided as needed without very much additional space. 
The filter is of the continuous-rotating type in a 
separate tank which is arranged to distribute the flow 
equally to all parts of the filtering area. Figure 9 
shows the general construction clearly. One or more 
units of the required size may be installed as an 
addition to the separator, parallel to the long axis, 
and ample filter area provided. 

The filter is made up of a sufficiently stiff wire as 
a support, and over this the filter cloth is placed— 
making ample allowance for shrinkage. This is one 
case where a rather rumpled cloth will do a better 
job than a smooth neat one, for the neat one will 
probably be pulled open. There is a considerable 
choice of cloth to use. Strangely enough, a horse 
blanket is extremely good, but has a very low rate. A 
fairly tight weave is best, but it should not be too 
close. Flannel is very effective. Present the rough 
side to the incoming flow. No matter what cloth is 
used, a spray system of 25 to 30 pounds pressure 
should play on the cloth to flush it off continuously. 
The washings are caught in a trough and returned 
to the separator. 


TRANSFERENCE FROM MODEL TO PLANT 
DESIGN 


To facilitate the application of experience with a 
model to prototypes of a size for plant use, it is neces- 
sary to develop transference equations. The transfer 
must be made in accordance with the principles of 
similitude, so that the large-size equipment will have 
the same hydraulic characteristics as the model. This 
is not entirely possible, because water under the same 
gravitational force is used in both the model and the 
prototype; but the deviation is negligible. 

It is believed that a definite advance would result 
from the designing of a standard separator unit. This 
can be done as an example of the application of the 
transference equations, and thereby a double purpose 
will be served. The first question involves the quan- 
tity of waste water to set up as the capacity of the 
standard unit. Refinery-water consumption ranges 
from practically none, in plants where water is scarce 
and re-circulation is employed, to figures of the order 
of 100,000,000 gallons per day. It is believed that a 
figure of 5,000,000 gallons per day would have the 
most general application. 


It is also necessary to choose a capacity for the 
model upon which to base transfer equations. Sev- 
eral factors must be considered in this choice; for the 
capacity of a separator should not be set at the nor- 
mal process load only. In many cases, storm run-off 
water and fire stream run-off must be included. Such 
a condition requires that the separator be effective 
over a wide range. The model separator exhibited 
such a range of from 4 to 40 cubic feet per minute. 
With this condition in mind, and to insure effective- 
ness at all times, the capacity chosen for the model is 
25 cubic feet per minute. With the capacity set for 
the model and its prototype, we may proceed with the 
transference equations. Several phases of similarity 
are involved—mainly geometrical, kinematical, and 
dynamical. These will be discussed in turn. 


Making use of the capacities chosen, we have that 
for the model 25 cubic feet per minute and for the 
prototype [ (5,000,000 gallons ~ 7.5 (gallons per cubic 
foot) +1,440 (minutes per day) ]==463 cubic feet 
per minute. At first glance it would seem that the 
transference factor would be 463 + 2518.32, and 
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that all dimensions would be multiplied by this fac- 
tor. Should this be done, it would be found that the 
developed separator would be unnecessarily large and 
entirely different in hydraulic values from the model. 

However, by applying the formulas of dimensional 
analysis as set forth by Marzolo, Reynolds, Chick, 
and others, it is necessary first to find a “scale of 
length ratio” upon which all relations are based. In 
the case of the separator, the efficiency is to a large 
extent dependent upon retention. Retention is a 
function of cubic content of the sedimentation sec- 
tion. Designating linear dimensions by L, areas by A, 
volumes by V, and the scale of length ratio by », and 
identifying those dimensions of the model by the sub- 
script m: 


L=ALn 
V =n 


Selecting the volume equation V = *V,, and substi- 
tuting the volumes per minute chosen for prototype 
and model: 


463 = »° 25 
A* = 463 + 25 = 18.32 
A = 2.65 


The “scale of length ratio,” therefore, is 2.65; and 
the length L, the width W, and the depth D of the 
standard unit may be found by: 


L» X 2.65= 16 X 2.65 = 42 ft. 6 in. 
Dm X 2.65= 3.5 K 2.65= 9 ft. 3in. 


The sedimentation section in both the first and second 
stages, therefore, will be 42 feet 6 inches long, 21 feet 
3 inches wide, and 9 feet 3 inches deep. 

For complete hydraulic similarity, the velocity must 
also be considered. This factor, as previously mentioned, 
cannot be perfectly transferred, inasmuch as gravita- 
tional effects are involved. Within very close limits, the 
calculated velocity of the model may be transferred by 
the formula: 


Vv — V Av 


The calculated velocity of the model, assuming 100- 
percent distribution, is 0.893 feet per minute: 


v= V 2.65 X 0.893 = 1.45 ft. per min. 


In this way the factors of capacity, dimensions, re- 
tention period, and velocity are fixed. It now becomes 
necessary to provide the distribution to protect the 
hydraulic characteristics they contribute. This is a 
matter of weirs and head loss, and involves an entirely 
different analysis. The head on the crest of the weir 
box must be sufficient to assure a flow that is as nearly 
equal as it is possible to make it at all points of its 
length. Inasmuch as the quantity of water is the same 
over the out-fall weir as on the inlet weir, the head on 
the former can be used to avoid possible interference 
by the stone-cell action with the latter. Applying 
Francis’ formula for weirs: 


= 24 (0.622hb V 2gh) ; and solving for h 


2.2507 — 
h=V.387b:2e 


In which: 
h = head on the weir, ft. 
Q = flow over the weir, cu. ft. per sec. 
b = breadth of the weir. 
g = 32.16 (use 32). 
In the case of the model, Q = 0.41 and b=8. 


Therefore: 
ae \{__225 X 0.41" 
1=V 0.387 X 64 X 64 


In the case of the standard, Q = 7.7 and b = 21.25 
Therefore: 
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= 0.062 ft. = 0.75 in. 





Es 225 x77 
1='V0.387 x 451.5 x 64 


With this head on the weir, there will be ample flow 
to assure a good distribution. 

Returning again to the dimensional similarity factor 
of 2.65, the dimensions of the weir box, the stone cham- 
ber and all other linear factors may be worked out with 
the assurance that the hydraulics will not be changed 
in any great degree. 

In delivering to the weir box, it should be remembered 
that, whereas only two 6-inch lines were used in the 
model, in the standard, smaller lines will be used, and 
more of them will add much to the distribution eff- 
ciency. This part of the design is individual to itself, 
and should be looked at from the standpoint that there 
are 463 cubic feet per minute, or 7.7 cubic feet per sec- 
ond, to be carried into the box. The velocity in the lines 
should be as low as it can be made conveniently. For the 
standard, ten 10-inch lines evenly distributed would give 
a satisfactory velocity. They should be branches of a 
header into which the sewer discharge is centrally 
connected. 





= 0.22 ft. = 2.6 in. 


CONSTRUCTION MATERIALS 


Examination of the reports covering the various 
separator surveys revealed that in nearly every instance 
concrete was used for construction. In many instances 
this is unnecessary. Welded-steel construction will prove 
satisfactory, even though the waste water is acid; for 
this condition can be corrected before the waste water 
reaches the separator. Acid waste is a pollutant even 
though no oil be present, and should be neutralized. By 
doing so, costly form work for concrete construction 
can be avoided, and long life can be obtained from 
ordinary tank steel. The correction procedure is one 
of pH control by the dry or wet feeding of a neutraliz- 
ing agent, the most economical probably being soda ash. 
Inasmuch as both rate of flow and variation in acidity 
are involved, two sets of controls are necessary. They 
interact to modify each other. The make-up of this 
equipment is understandable from Figure 10. By its use 
a range of control within one point of pH value is 
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A—Point to be controlled. 

B—Venturi tube. 

C—Head tube of Venturi meter. 

D—Flow meter for rate of flow impulse. 

E—pH meter for acidity impulse. 

‘—Modifier which averages the two impulses to control the chemical 
feeder. 

G—Chemical feeder and mixing devices. 


FIGURE 10 
Electrically-Operated pH Control. 
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readily possible, and this is ample for both metal pro- 
tection and acid-pollution prevention. The equipment 
is of very recent design, and would probably have to be 
calibrated and adjusted in the field. 


SEPARATORS FOR LIGHT AND HEAVY OILS 


When a plant is so organized that light oils are 
handled separately from the heavier products, it is 
possible to effect an economy in construction. Separa- 
tors for retaining slop oils above a gravity of about 
42° A.P.I. will not, as a rule, be called upon to handle 
“globs” of loosely-bound so-called emulsions. The oils 
that come to them will usually be quite free, and will 
separate readily. Such separators should be constructed 
without the stone cell or weir box. An entrance weir, 
with the flow introduced well below its crest, from a 
manifold and through as many connections as can be 
made conveniently, will give very satisfactory results. 
The “flight-scraper” device should be installed in the 
first stage to keep the sedimentation chamber clean, and 
ample filtering should follow the second stage. The 
sedimentation section should not deviate from the 
standard. 

Separators for handling waste waters from areas 
where heavy oils of any nature are processed or stored 
should be constructed in accordance with the general 
design features of the model so that every fundamental 
is included. It should be realized that blindly following 
the model design in every detail is not necessary nor 
desirable. For example, there is no occasion for the 
separation of the two stages as in the model, nor for 
the flanged and bracket construction which make pos- 
sible the variation of dimensions. Figure 11 shows the 
construction of a separator for use with light oils, and 
also shows a method for combining the first and second 
stages in any separator. 


CONCLUSION 


It should be stated that, although no large-sized sepa- 
rators have been constructed in accordance with the 
design data herein given, there is every reason to believe 
that they will discharge an effluent that will be satis- 
factory in any locality. It has been demonstrated that 
they will operate in accordance with the same natural 
laws as sedimentation chambers in sewage and water- 
purification practice. Investigators in these fields have 
shown that sedimentation phenomena may, in general, 
be successfully studied by the use of models, and the 
hydraulics duplicated in large prototypes. Duplication 
in separator effectiveness should follow, therefore, inas- 
much as it is dependent upon the same natural forces. 
Further, separator construction should not cause the 
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A—First stage. 
B—Second stage. 
C—Filter-tank section. 
D—Inlet-end distribution weir. 
E—Outlet-end distribution weir. 
F—Oil-retainer baffles. 
G—Flight scraper. 
H—Dividing wall between first and second stage. 
I—Dividing wall between second stage and filter, 
J—Oil collector—slotted pipe adjustable by rotation. 
K—Inlet ports to second stage—pipes are used with a weir box. 
L—Distribution manifold ahead of separator. 
M—Inlet pipes with turned-down ells. 
N—Sewer. 
Showing method of combining first and second stages—which 
differs from model, For heavy-oil separator, other features of model 
are included, but stages are combined as above. 


FIGURE 11 
Basic Design of Light-Oil Separator. 


tremendous expense that some anticipate. It is to be 
hoped separators will be constructed wherever neces- 
sary in order that the industry may rid itself of con- 
stant criticism, whether just or not, that the nation’s 
waters are being polluted with oil. 
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The Removal of Inorganic 


Salts from Crude Petroleum 





E-SALTING systems in use in a number of Mid- 
Continent refineries are described. 

Two satisfactory continuous methods for salt re- 
moval have been developed in the laboratory. One 
process involves repeated washing of oil through a 
sodium-carbonate solution at 200° F. during 20 
minutes and subsequent settling at this tempera- 
ture. A continuous addition of less than 3 percent 
of 0.3 percent sodium-carbonate solution is re- 
quired, 

The second and preferable method 
emulsification of 3 percent of 0.3 percent sodium- 
carbonate solution, percolation of the mixture 
through an excelsior column at 250° F. during 20 
minutes, and settling at 250° F. for 50 minutes. A 
removal of 80 percent of the salt is accomplished. 

Comparison of laboratory data with plant results 
indicates that the success in laboratory experiments 
could be approximately duplicated on a commer- 
cial scale. 

A column packed with excelsior is more effective 
in resolving and emulsion than a corresponding 
mineral bed. 

This paper was presented at Eighth Mid-Year 
Meeting, American Petroleum Institute, Wichita, 


Kansas, May 24, 1938. 
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RUDE petroleum, as received in the refinery, 

almost invariably contains inorganic salts. Oc- 
casionally these salts are present as solid particles 
which are associated with wax crystals or surround- 
ed by amorphous wax.” * ** Usually, however, the 
salts are present in an aqueous solution which is 
emulsified with the crude oil. 

Deposits of petroleum are commonly found asso- 
ciated with an aqueous salt solution. It is question- 
able whether this salt solution ever passes through 
an oil-bearing sand in the form of an emulsion with 
the petroleum ; for filtration through a sand layer has 
a decided tendency to break such an emulsion.’ 
Rather, it seems probable that oil and water enter 
the well hole separately, and suspension of one phase 
in the other follows. 


After once entering this chamber, the oil and 
water have innumerable opportunities for emulsifi- 
cation. Whenever the mixture is subjected to a rapid 
motion or to a shearing force, there is a tendency 
for one liquid to become dispersed in the form of 
small drops in the other. The extent to which this 
emulsification takes place is dependent, to a large 
degree, on the quality of the equipment used and 
upon its state of repair." * 
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The mechanical treatment which the oil-water 
mixture receives determines not only the amount of 
water emulsified, but also the state of subdivision of 
the dispersed phase and, therefore, the difficulty to 
be encountered in resolving the emulsion. A portion 
of the internal phase is usually dispersed in such 
large particles that it is comparatively readily re- 
moved by settling. Another part, however, may be 
dispersed as a true colloid or emulsoid; i. e., the par- 
ticles may be so small that electrical effects and 
Brownian movement will prevent any settling.’ 


Before petroleum is transported in pipe lines, the 
water content is reduced to a comparatively low fig- 
ure. At the time of this removal of water, a large 
part of the associated salt is also removed, and the 
salt content of pipe-line crude oil usually does not 
exceed about 150 pounds per 1000 barrels (expressed 
as NaCl) although the amount is quite variable.” 4 
(150 pounds per 1000 barrels is equivalent to 25 
grains per gallon or 68.1 grams per barrel.) This first 
reduction of salt content is accomplished by means 
which will be mentioned briefly in a later part of this 
paper. The reduction is probably achieved through 
removal of the larger particles of the dispersed phase. 


For the formation of a stable emulsion from two 
liquids, the two must be nearly immiscible. In gen- 
eral, some substance termed an emulsifying agent 
must be present. When the two liquids are agitated 
together, the surface tensions of the two tend to 
dictate which liquid will assume the dispersed form. 
The,suspended particles acquire like electric charges, 
and these charges tend to stabilize the dispersion. In 
the presence of a third substance, an emulsifying 
agent, a more stable emulsion results. Such an emul- 
sifying agent is usually a protective colloid, and is 
preferentially wetted by one phase or the other. If 
preferentially wetted by the oil phase, the colloid is 
termed hydrophobic, and an emulsion is formed in 
which water is the internal phase. This type of emul- 
sion is found almost invariably when crude petro- 
leum and water become mixed." * 5 6 7 


Dow’s investigations of crude-oil emulsions indi- 
cate that asphalt is present as a hydrophobic colloid, 
and that this colloid stabilizes the water-in-oil dis- 
persion. The increased concentration of asphalt at 
oil-water interfaces has been demonstrated by analy- 
ses of oil separated from an emulsion and of asso- 
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ciated comparatively-dry oil. Asphaltic material has 
been separated from oil, and has been found to be 
effective as an agent for emulsifying water in kero- 
sene, Finally, a study of different types of oils 
showed that a naphthene-base petroleum easily gave 
stable emulsions with water, while no emulsions 
could be formed with a paraffin-base oil.? 7 

Petroleum emulsions are found to become increas- 
ingly stable with age. This change is thought to be 
due to a slow adsorption of colloidally-dispersed ma- 
terial at the oil-water interfaces. For this reason 
emulsions are preferably treated for resolution as 
soon as possible after formation.* ° 

The extensive acid treatment of wells has, presum- 
ably, considerably increased the difficulties which 
may be traced to the salt in crude oil. This treatment 
has tended to increase the concentration of chlorides 
of calcium and magnesium for insoluble calcium, 
and magnesium salts are converted to the soluble 
chlorides. 

The salts to be found in crude oil are, of course, 
variable. Often sodium chloride is predominant, 
while appreciable amounts of calcium and magne- 
sium chlorides are present.” * 14 Egloff and co-work- 
ers have reported analyses of the salt contents of 
crude oils from a large number of fields.*? 


OBJECTS OF SALT REMOVAL 


The removal of inorganic salts from crude petro- 
leum may be attempted for any of a number of rea- 
sons. The reasons effective in one refinery differ 
from those applicable in another, as the operation of 
the plant varies or as the products vary. 

When chlorides of calcium or magnesium enter 
distillation equipment associated with crude oil and 
water, the conditions prevailing are such that these 
salts hydrolyze to yield free hydrogen chloride. This, 
in solution, is a very destructive corrosive agent. 
The acid is especially active in attacking condenser 
sections; for the conditions are suitable for solution 
of the hydrogen chloride in liquid water. Often the 
cost for replacing condenser tubes and the time re- 
quired for their replacement become important items. 
Ammonia is regularly used to combat this type of 
corrosion in many refineries, and serves to combine 
with the hydrogen chloride. Although ammonia pre- 
vents the corrosive action of the hydrogen chloride, 
difficulty may be experienced through deposition of 
solid ammonium chloride in condenser tubes in such 
amounts that these tubes become clogged. At times 
the deposition takes place inside of a fractionat- 
ing column, and interferes with satisfactory oper- 
ation.” 4, 9, 10, 11, 12 

In a number of refineries the prime object in in- 
troducing de-salting units has been the prevention of 
the formation of salt deposits. “In general, salt in the 
crude in any appreciable amount deposits in the heat 
exchangers or the first few tubes in the still, leading 
to local hot spots, tube blistering, and clogging— 
sometimes to the point of necessitating cleaning the 
tubes by steam, water, or mechanical devices.”?° 

If cracking equipment is supplied with residual 
oil, this charging stock contains salts originally pres- 
ent in the crude oil. It has been proved that these 
salts have an extensive effect toward inducing coke 
formation during cracking. The formation of such 
coke deposits often limits the time during which a 
cracking unit may be kept in continuous operation. 
Coke deposits may contain as much as 50 percent 
of salt.? ® 11 
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Corrosion due to salt is also encountered in crack- 
ing units which operate upon residual oil. Hanson® 
estimates that corrosion will be noticeable in crack- 
ing operation if combined calcium and magnesium 
chlorides exceed 25 pounds per’ 1000 barrels of charg- 
ing stock (11.4 grams per barrel). 

An important incentive to salt removal for those 
refiners who prepare “straight-run asphalt” is the 
increase in the solubility of such asphalt in carbon 
tetrachloride and carbon disulfide made possible by 
salt removal. In many refineries it is impossible to 
meet the state specifications without some system of 
salt removal.” ® In addition fuel oils, produced either 





Wendell P. Hawthorne 
was granted the degree 
B.S. by Tarkio College, 
Tarkio, Missouri, in 1929, 
and Ph.D. by Cornell Uni- 
versity in 1933, where he 
majored in physical chem- 
istry. For the past four 
years he has been re- 
search chemist for the 
White Eagle Division of 
Socony-Vacuum Oil Com- 
pany, with headquarters 
at Augusta, Kansas. 





W. P. HAWTHORNE 


H. L. Bedell was graduat- 
ed with the degree BS. 
in 1921 and MS. in 1924, 
by the University of Ne- 
braska, and for the next 
two years engaged in 
public school work. Cur- 
rently he is chemist for 
White Eagle Division of 
Socony-Vacuum Oil Com- 
pany, with headquarters 
at Augusta, Kansas. 





H. L. BEDELL 











by cracking or primary reduction, may fail to meet 
numerous specifications, such as the Navy’s, unless 
provision is made for salt removal. 


METHODS FOR TREATING OIL-FIELD 
EMULSIONS 


In treating a crude petroleum to reduce the salt 
content, the general method is to reduce the water 
content; i. e., salt present is usually closely asso- 
ciated with water, and a reduction in water content 
brings a parallel reduction in salt content. 

Pipe-line crude oil is fairly low in water and sedi- 
ment. Inasmuch as it is generally easier to reduce 
the water percentage from 3 percent to 0.6 percent 
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than from 0.3 percent to 0.06 percent, the common 
methods of de-salting involve emulsification of some 
added water—the amount may vary widely with the 
method. This water is mixed sufficiently intimately 
that salts are more or less uniformly distributed 
through the added liquid. Finally, the emulsion is 
broken by some means to yield a crude of low water 
and sediment and of low salt content. 

Thus, in essence, de-salting methods are really 
only methods for breaking a water-in-oil emulsion, 
and methods applicable for breaking an oil-field 
emulsion to yield pipe-line crude oil are generally 
applicable for breaking an intentionally-prepared 
emulsion to give a low salt content. For this reason 
general methods which have been used for breaking 
oil-field emulsions will be briefly reviewed. 

Simple settling is the earliest of these methods. 
The separation depends upon a low viscosity and a 
large difference between the specific gravities of the 
two phases. The method is slow and inefficient. A 
layer of viscous emulsion usually results. Exposure 
of the emulsion to sunlight and percolation through 
a layer of separated brine have both been found to 
improve the simple settling process.” * 1% 

At elevated temperatures settling proceeds more 
rapidly. The rise in temperature results in a de- 
creased viscosity, in an increased difference in spe- 
cific gravity and, possibly, in a solution of colloidal 
emulsifying agents. Washing of emuision through a 
layer of hot brine is again found to give improved 
coalescence of water droplets.” * ® ® 

Centrifugal treatment offers a means of magnify- 
ing greatly the difference in specific gravity between 
oil and water. The separating force applied to an 
emulsion in a good centrifuge may be thousands of 
times as great as that produced by gravity alone, 
and a comparatively rapid separation of water oc- 
curs. It is to be pointed out, however, that while 
the centrifuge greatly increases the rate of settling 
of water, it has but little effect on the rate of coal- 
escence. The tendency, then, is to yield dry oil and 
a water-in-oil emulsion which is very rich in water 
rather than a distinct water phase. 

Commercial applications of both Sharples and De- 
Laval machines have been made. Heating, re-centri- 
fuging, and the addition of chemicals have all been 
used to advantage. The presence of dirt or solid 
matter in the oil introduces complications.” * 

As a further addition to this list of more or less 
mechanical means of separating emulsions, we may 
mention filtration or treatment by contact with a 
solid agent. When an emulsion is treated with such 
a material, it is not planned that water shall be re- 
moved. Rather, the contact with the solid causes 
coalescence of water particles to form particles of 
such a size that these drops can subsequently be re- 
moved by settling. In such a treatment the solid 
agent is preferentially wetted by the internal phase 
of the emulsion—by water in the case of oil-field 
emulsions. Sand, excelsior, clay, diatomaceous earth, 
and other solids have been used commercially in this 
way. In addition, the use of a number of solids such 
as steel wool, crystallized alumina, hematite, lepido- 
lite, hornblende, cloth, etc., for this purpose has 
been patented. Such solid agents are usually em- 
ployed in conjunction with other methods of treat- 
ment.) 5,.8, 13, 14 

The two methods which have been used most ex- 
tensively for separating oil-field emulsions are chem- 
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ical treatment and electrical dehydration. Each is 
used with some system of settling. 

Dow’ has divided chemical treating agents into six 
groups. Some compounds actually combine with wa- 
ter present. Some cause flocculation of hydrophobic 
protective colloids. Sodium carbonate is a member of 
a group that reacts with salts in the water phase or 
with acids in the oil phase.** Members of a fourth 
group produce oil-in-water emulsions, and so tend 
to invert crude-oil emulsions. This group is most 
widely employed, and includes sodium soaps, resins 
and resin soaps, gums, starch, sulfonates of organic 
acids, etc. Tretolite compounds are usually in this 
class.) *®% 13 The two remaining groups include 
electrolytes, which cause adsorption of positive ions 
on negatively-charged water droplets, and organic 
solvents which dissolve the protective film about 
dispersed particles. 

In a typical application of Tretolite the reagent is 
added to the emulsion in a flow line; and the mixture 
is heated, sprayed upward through a layer of brine, 
and settled while hot.? * 1% 14 

Mention is made in the literature of the applica- 
tion of many compounds as chemical treating agents. 
Patents refer to the use of alkali sludge,’®*!*° sul- 
fonates, acid sludge, neutralized acid sludge, etc. 
Many soaps have been recommended.?® 1% 1% 2°  So- 
dium hydroxide, sulfuric acid, and phenol are re- 
peatedly mentioned. Naphthenic acids have been 
recommended and used as demulsifying agents.”) ** 
A number of petroleum products have been suggest- 
ed. Cracked residues, oil-oxidation products,?* ?* 75 
and the extracted oil from the Edeleanu process*® 
are all said to aid resolution. 

Electrical dehydration is accomplished by passage 
of the emulsion through an electric field. Both alter- 
nating and direct-current systems have been em- 
ployed, but the use of an alternating current is most 
common. In this case particles are not attracted to 
either electrode, but the stresses produced result in 
coalescence of small particles to drops which settle 
readily. The system is applied to a preheated emul- 
sion, and an appreciable time is allowed for settling. 
Potential differences of 33,000 volts between the elec- 
trodes are usual. ? * 1% 14 


METHODS IN USE FOR THE REDUCTION OF THE 
SALT CONTENT OF CRUDE PETROLEUM 


The literature pertaining to the treatment of pipe- 
line crude oil for reduction of salt content is all com- 
paratively recent, and but a small number of articles 
have been published. 

As previously mentioned, the methods which have 
been proposed or used for reducing the salt content 
of pipe-line crude oil are essentially the same as 
those formerly applied to the breaking of oil-field 
emulsions. Simple settling of the pipe-line crude oil 
at elevated temperatures has been tried; but, in gen- 
eral, very unsatisfactory removal is secured when a 
practical time of settling is employed. Simple settling 
after emulsification of added water has, however, 
been applied with some improvement. 

In 1934 C. R. Wagner?’ patented a process in 
which oil is emulsified with a quantity of water (up 
to 5 percent) by a closely-controlled method, and 
the resulting emulsion is allowed to separate by 
settling. A refinery installed in Alma, Michigan, in 
the spring of 1936 uses this general system. At first, 
settling without the addition of water was attempted. 
Oil was preheated to 250°F. and settled at this tem- 
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perature, and at a pressure of 50 to 60 pounds per 
square inch. Some salt removal was cbserved. How- 
ever, addition of 10 to 12 percent of water at the 
crude-charging pump resulted in greatly improved 
operation. A reduction of salt content from 220 
pounds per 1000 barrels to 8 pounds per 1000 bar- 
rels was reported. 

A similar system has been described by the Naph- 
Sol Refining Company in Muskegon, Michigan.‘ 
Topped crude is emulsified with 4 percent of added 
water, preheated to 300°F., and settled at 300°F. and 
at 170 pounds per square inch during 1% hours. The 
reduction in salt content received is from about 150 
pounds per 1000 barrels in crude oil to 20 pounds 
per 1000 barrels in treated topped crude. 

A patent covers a similar process with an addi- 
tional stage in which contact with a solid filtering 
agent occurs.*® 

Chemical treatments for de-salting are generally 
different from those applied to oil-field emulsions. 
The reason for this difference probably lies in the 
fact that only a small expense will be tolerated for 
a salt-removal process. The Tretolite system is not 
generally used. The more common reagents em- 
ployed for de-salting treatments are sodium car- 
bonate, sodium soaps and, perhaps, sodium hydrox- 
ide. Stratford, McIntyre, and Moor*® patented a 
process in which oil and a sodium-hydroxide solu- 
tion were mixed, heated under pressure, and settled 
after reduction of pressure. 

As early as 1931 the use of Petroleum Rectifying 
Company’s electrical-dehydration system for salt re- 
moval was patented by H. C. Eddy.*® The first com- 
mercial application of this system to salt removal was 
made in 1935 in Catlettburg, Kentucky,” ** ** in the 
refinery of the Ashland Oil & Refinery Company. 
Crude oil to be treated was heated to 170-180°F., and 
mixed with previously-heated water. Water equal 
to about 20 percent of the crude volume was added, 
and the prepared emulsion was discharged between 
the two electrodes. A potential difference of 32,000 
volts was maintained between these electrodes by 
an alternating current; 90 to 95 percent removal of 
salt was obtained when the charged oil contained 
220 pounds per 1000 barrels. Hanson® states that the 
electrical de-salting system has been used in a large 
number of locations on widely-varying crude oils 
with good success. 

Representatives of a number of Mid-Continent re- 
fineries using de-salting systems have been willing to 
describe the systems they have used and the results 
they have secured. With their consent brief descrip- 
tions of the units are being included. 

1. During 1937 the system employed in the first 
refinery consisted essentially of emulsification of 
crude oil with an aqueous sodium-carbonate solution, 
heating by heat-exchange, percolation through a 
packed column, and settling in a horizontal cylinder. 

The crude oil was emulsified with 1.5 percent of 
0.3 percent sodium-carbonate solution in the charg- 
ing pump and in heat exchangers, and the latter 
raised the temperature of the mixture to 200°F. The 
prepared emulsion then percolated upward through 
a vertical column packed with graded rock and sand, 
and was led to a horizontal settler held at a pressure 
of 25 to 27 pounds per square inch. The total settling 
time was 50 minutes. 

Fairly satisfactory salt removal was accomplished. 
It was planned that a residual concentration not ex- 
ceeding 4 to 6 grains per gallon should be main- 
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tained. At the present time some changes are being 
made in the system of operation. 

2. The de-salting system installed in the second re- 
finery involves emulsification of the crude oil with 
an aqueous scdium-carbonate solution and settling 
after heating. 

The emulsion is prepared in the centrifugal charg- 
ing pump and in heat exchangers, and contains 3 
percent of 0.48 percent sodium-carbonate solution. 
The solution is prepared with soft water-boiler feed 
water to prevent deposition of calcium carbonate in 
the lines. 

Passage through three heat exchangers raises the 
temperature of the mixture to 235° F. Finally, the 
emulsion enters a 600-barrel insulated horizontal set- 
tling drum. The time allowed for settling in this ves- 
sel is 2 hours. The settler is held at about 235° F., 
and under a pressure of 80 to 85 pounds per square 
inch, which is sufficient to prevent any vaporization. 

This treatment has resulted in the removal of 
about 75 percent of the salt. The system lowers the 
water and sediment from about 0.6 percent to 0.3 
percent. 

Treatment has raised the carbon-tetrachloride and 
carbon-disulfide solubilities from 99.4 percent to 
99.65 percent, and has reduced the ammonia require- 
ment in the still from 30 pounds per day to 6 pounds 
per day. 

3. In a third refinery a certain amount of treat- 
ment was formerly applied to reduce difficulties due 
to salt. At present no systém is in use. 

The method previously employed involved emulsi- 
fication of 0.19 percent of 2.5 percent sodium-carbon- 
ate solution, preheating in heat exchangers to 185 
to 200° F., settling at this temperature and at a pres- 
sure of 80 pounds per square inch for 60 minutes, 
heating to 300° F. and standing for 50 minutes in a 
vessel held at 300° F. and at a pressure of 20 to 30 
pounds per square inch. Finally the oil passed from 
this drum to a fractionating column. 

It was planned that an aqueous salt solution 
should settle in and be withdrawn from the first 
drum. In the second drum, however, conditions were 
such that boiling occurred. Water distilled, and a 
part of the salt was expected to settle as a solid, 
while another part remained colloidally dispersed in 
dry oil and did not cause deposition or corrosion 
difficulties. 

Sodium soap was used instead of sodium carbon- 
ate for a time, and gave less desirable results. 

The sodium-carbonate treatment was considered 
fairly satisfactory, although no very definite knowl- 
edge was secured as to the actual results of the 
treatment. 

At present no system for the removal of salt is 
employed. Rather, it has been found practical to 
blend a crude of high salt content with one of low 
content to give a mixture containing less than 20 
grams of salt per barrel. Little trouble has been ex- 
perienced with this mixture. 

In addition, controlled preheating and dehydration 
of crude have resulted in a finely-divided salt that 
does not cause deposition difficulties. 

4. An installation of the Petroleum Rectifying 
Company’s electrical de-salting system has been 
made in the fourth refinery to be described. 

Units are prepared cf a size suitable for treating 
1500 barrels of oil per day. In operation the crude 
petroleum is heated to about 160° F. by heat ex- 
change, and is emulsified in a controlled manner with 
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about 20 percent or less of water which has pre- 
viously been heated to 160° F. The prepared emul- 
sion is led between two electrodes possessing a po- 
tential difference of 33,000 volts, and then passes to 
a settling zone. An alternating current is used. Set- 
tling times of 2 hours or more are provided. 

With careful control of conditions it is possible 
to remove 95 percent of the salt. Reduction of salt 
to 5 pounds per 1000 barrels and of water and 
sediment to 1 percent or as low as 0.2 percent is 
expected. 

Thanks are extended to E. R. Jones, Skelly Oil 
Company, Eldorado, Kansas; R. E. Puckett, Barns- 
dall Oil Company, Wichita, Kansas; Guy Kirk, Kan- 
otex Refining Company, Arkansas City, Kansas; and 
C. W. Berger, Globe Oil & Refining Company, Mc- 
Pherson, Kansas, for the information they have 
given. 

EXPERIMENTAL STUDY 

In the laboratory study of de-salting, the more 
promising of the methods for treating oil-field emul- 
sions have been investigated. Studies have been 
made of settling at normal and elevated tempera- 
tures, both with and without the addition of water. 
Centrifugal treatment has not been considered be- 
cause of the large cost involved. Prime consideration 
has been given to other mechanical treatments, for 
such methods are comparatively cheaply applied. 
The effects of contact with two solid agents have 
been observed, and considerable attention has been 
given to methods for contacting crude oil with 
added water. 

The study of chemical treatment has been con- 
fined to one or two reagents. Again, the reason for 
this restriction of the field is the necessarily low 
cost of a feasible process. 

The electrical methods have not been studied in 
the laboratory; for this field is well covered with 
existing patents, and the application of these meth- 
ods has been widely considered. 

The method of treatment deemed most desirable 
for the crude under consideration from the results of 
laboratory study involves a combination of chemical 
treatment (treatment with a sodium-carbonate solu- 
tion), treatment by contact with a solid agent (ex- 
celsior), and settling. 


I. THE DETERMINATION OF CHLORIDES 
IN CRUDE PETROLEUM 


The method proposed by R. R. Matthews in 1921*” 
for the determination of chlorides has been generally 
followed. A number of modifications have been made 
in the procedure, however, and the method actually 
used is described below. 

500 ml. of the crude oil to be tested are transferred 
to a 3-liter glass-stoppered bottle. 125 ml. of acetone 
are added, and the bottle is shaken vigorously for 
2 minutes. 1375 ml. of distilled water are next added, 
and the mixture is shaken for an additional 3 min- 
utes. Finally, 2 grams of sodium soap a:e added, and 
shaking is continued for another 3 minutes. 

The bottle is permitted to stand until the aqueous 
phase becomes clear—preferably for two or three 
days. Samples of this phase are then removed with 
a siphon. To 500 ml. are added 25 ml. of a 20 percent 
magnesium-nitrate solution. The mixture is made 
neutral with nitric acid, and an excess of 5 ml. of 
50 percent nitric acid are added. An excess of standard 
silver nitrate is measured in, followed by 5 ml. of 
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ferric-alum indicator, and the excess of silver nitrate 
is determined by titration with standard potassium 
thiocyanate. The end point is indicated by the ap- 
pearance of the red color of ferric thiocyanate. 

If 0.1 N solution of silver nitrate (AgNO,) is used, 
the following relationship applies: 


(ml. AgNO; <> Cl- in. 500 ml. water) (2.05) 
= (grains per gallon of chlorides in oil as NaCl). 


In the determination, soap is added to prevent the 
formation of a stable water-in-oil emulsion. Mag- 
nesium nitrate is then added to precipitate the soap 
before the titration.** The Volhard method is used 
in preference to direct titration with silver nitrate 
with a potassium-chromate indicator, for a more def- 
inite end point is obtained. 

The results obtained by this method were easily 
duplicated. A repeated extraction and a study of a 
crude of known salt content both indicated practi- 
cally complete removal of salt in one treatment. 

Samples of crude oil used in de-salting experi- 
ments were of 37 to 40° API gravity, and of 39 to 40 
seconds viscosity (Saybolt Universal) at 100° F. 


II. SIMPLE SETTLING EXPERIMENTS 


Laboratory de-salting experiments have been con- 
ducted with the idea that, while the results are not 
directly translatable to the results which may be ex+ 
pected on a commercial scale unit, those procedures 
which are most satisfactory in the laboratory may 
be expected to be most satisfactory in the plant. A 
comparison between a given plant operation and the 
same procedure in the laboratory gives a basis for 
estimating the value of similar laboratory processes 
when transferred to a plant scale. 

Earliest experiments involved settling of crude oil 
both at room temperature and at an elevated tem- 
perature without the addition of any liquid, with the 
addition of water and, finally, with the addition of 
soap and sodium-carbonate solutions. 

All experiments were conducted in a continuous 
manner. If an aqueous liquid was added, the required 
amount of liquid of the desired concentration was 
continuously supplied. Oil and water were beaten 
together during an average time of about 20 minutes 
by a small glass-bladed stirrer driven at 3000 r.p.m. 
The prepared emulsion next passed through a pump 
to a tube furnace and to an insulated electrically- 
heated settling vessel. The settler was a horizontal 
cylinder 6 inches in diameter and 14 inches long. 
Operation of the settler was adjusted to minimize 
agitation, convection, etc. In each case the settler 
maintained the oil at the temperature reached in the 
furnace. Oil entered the settler at the bottom at one 
end, and was removed at the top of the opposite 
end. Water was drained from the bottom of the 
outlet end. 

Summaries of a number of experiments are listed 
in Table 1. 

Experiments No. 1 and 2 indicate that simple set- 
tling is unsatisfactory. Experiments No. 3 and 4 
show that, with the method of emulsification used, 
an emulsion formed from water alone is not satis- 
factorily resolved by simple settling. Later experi- 
ments demonstrate that either sodium-carbonate so- 
lutions or solutions of commercial sodium soap give 
emulsions which are more readily resolved than 
emulsions made with water alone. 

The efficiency of salt removal in each of these 
cases was too poor for practical application of the 
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Simple Settling Experiments 









































Settling Conditions Amount of Sodium-Chloride Concentrations 
Added Pressure 
Experi- Tem- Time Liquid (Lb. per Original Final 
ment perature (Min- (Percent . a Removed 
No. yf utes) Added Liquid by Volume) age) (Grains per Gallon) (Percent) 
1 86 errr creer ree oe poe toe Sree Bete Pins 11.36 11.20 1.4 
2 155 7. De csdla dod adie tsaaeleaRebey «keh wen Oe eee aneee ee 9.67 9.35 3.3 
3 80 74 OPE CL RET EE Te CER ee 1.78 11.4 10.4 8. 
4 163 73 Te Ce rey ree ne ee 1.5 Shas 13.0 11.5 11.5 
5 185 75 Sodium-soap solution (2 grams per liter)............ 1.53 10 9.45 7.8 17.5 
6 186 76 Sodium-carbonate solution (5 grams per liter)....... 1.56 10 11.43 8.6 24.7 
7 205 77 Sodium-carbonate solution (2.5 grams per liter)..... 3.16 14.2 10.1 7.2 28.7 
8 201 80 Solution of soap (2 grams per liter) and sodium car- 
ee Ss ere re ere 1.64 14 10.2 8.8 13.7 
9 | 300 80 Sodium-carbonate solution (5 grams per liter)....... 1.64 14 9.0 7.5 16.7 














method. The results indicate, however, that a so- 
dium-carbonate solution possesses decided advan- 
tages over water as a de-salting agent. 


III. METHODS FOR CONTACTING OIL 
AND WATER 

In the experiments just described a uniform meth- 
od was used for obtaining contact between oil and 
added water. When that method was employed, the 
means considered were insufficient to cause separa- 
tion of the added water and so of dissolved salts. 

Two possible lines of attack present themselves. The 
emulsion may be formed as above, and a search may 
then be made for a method of breaking this emulsion. 
This general system is described in a later section. 
As an alternative, an attempt may be made to re- 
move salt without as intimate contact as was secured 
in early experiments. This method of approach has 
been used also. 

If oil and water are mixed sufficiently gently, very 
rapid separation of phases occurs, but practically no 
salt is removed. On the other hand, if added water 
is very closely emulsified, then all salt will be pres- 
ent in the added water; but this water will be diffi- 
cult to separate. At some point between these ex- 
tremes all or a large part of the salt will be found in 
the added water, and the emulsion will still be com- 
paratively unstable. It remains to determine whether, 
with this optimum method of contacting oil and wa- 
ter, the phases are decidedly more easily separated 
than with the method of contacting described in 
previous experiments. If the separation does occur 


readily, this contacting system may be used in con- 
junction with a comparatively mild treatment for 
breaking the emulsion, and a satisfactory salt sepa- 
ration will be secured. 

Experiments No. 10 and 11 (Table 2) represent 
opposite extremes in this series of possible methods 
of contacting. The data for No. 10 indicate 95 percent 
transfer of salt to added water, but only 39 percent 
of this added water was removed. In No. 11 a com- 
plete separation of added water occurred, but only a 
negligible removal of salt was obtained. Microscopic 
examination of the emulsion in No. 10 indicated that 
the largest particles in the prepared emulsion were 
of about twice the diameter of the largest particles 
in the original crude oil. 

The next experiments were concerned with a dif- 
ferent method for mixing oil and water. It was be- 
lieved that if oil and water were continuously con- 
tacted without a dispersion of either phase in the 
other in the form of small droplets, a satisfactory 
removal of salt might be accomplished without the 
formation of a stable emulsion at any time. 

In the first arrangement used the stream of 
charged crude oil entered a vessel containing both 
oil and water layers. One phase was repeatedly 
washed through the other for 30 minutes. Then oil 
from the crude-oil layer, with any suspended water, 
was pumped through a heat exchanger to a settler. 
The apparatus was similar to that described pre- 
viously except for the contacting device. 

The washing action was secured with a pumping 


TABLE 2 
Extreme Methods for Contacting Oil and Water 











Experiment No. 10 Experiment No. 11 





pS POG EE CIE CLR T EEE TO TERN OE COP OP EE OTE, tre 
Aas aE eed Tah, CCE ar WN aa ono 6s 50566 b.664. 4 05:9 KO Os Teh 00 
3 ee er ee) ee rire eee Er re te mere Or 


Dees ee. FT 6. eso onc kc atone d 005 6B bese etbepusetenatanewades 
I Sn es coo cee hae ete> 64.6 -GeSbd bipelee edie e ss. Sas Sea dsl 
ey ik I, TE The aos 68.5 6.0.0 shee 0 459 48see sae RA wee 
Original sodium-chloride concentration, grains per gallon................0000005 
Final sodium-chloride concentration, grains per gallon...............00-00eeeeee 
Sodium chloride removed (by chloride analysis of oil) percent................... 
Sodium chloride removed (by chloride analysis of water) percent................ 
Ae UE De RG 3G. 6.5: dare. 6 5 865i oe 44 edi awaesseaharakanadaus 


Distilled water Distilled water 
100 100 


Stirring for 30 min. (with Flow together through 


blade at 3,000 r.p.m.) furnace 
ERR baeees eo 204 205 
EAE a eee eet 71 120 
nba tebaeickGee wean 13 16 
EI ee ee 5.6 7.0 
OTR ee 3.5 6.75 
ER A De -at P EN Peo 38 3.6 
émaiacne Reina banat 37 2.75 
PE Pe tee eee 39.2 100 











TABLE 3 
Effects of a Washing Action at Room Temperature 











Experiment No. 12 Experiment No. 13 





| eee ie OP ees ol Rbag ss Ck SAEED AS DEO E ated aus rad 
CI es 3 5 ku a op dae Salve b OE ROAR EEO ATS POORGERAS CRORE Ete ees 
Semetianms Grease, 9 a. ook nis gn cw otis cei bia bbins 6 ocecs ebb h bob iwiv te cee 
Se Oa Oe Te eee Cry Pee Sree Ee TT 





Pressure on system, Ib. per sq. in., gage. ........-++2+-+- 
Original sodium-chloride concentration, grains per gallon. 
Final sodium-chloride concentration, grains per gallon.... 


Sodium chloride removed, percent. ... 2... cccccccccccvcvcccsccveesesceerssees 


100 percent water 
Water through oil 
200 


100 percent water 
Oil —- water 


se breieenamresddeatety id 75 80 
js Sine 6 Migibie Ske eae 10 16 
BRS ae ee Nn 8.3 8.3 
‘6 geo ae wa aid Baad 7.1 5.5 
Se ye EO? ree 14.5 33.7 
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TABLE 4 





Effects of Washing with Water at an Elevated Temperature 












Experiment No. 14 


Experiment No. 15 
















Added liquid...... nee ry Dae 
NE a bone ot CUSt agian eS sine c's «6 eb-e'vclewbldas 026 


NN Se a 
Temperature at entrance to settler, ° F...................-25.- 


ee a id kp 6p 6 EOS O46 Keke bem 6 w olec's 
Oe See Eas. c ‘asl bore 6 eel dd so 6 610)6 4abee 
Pressure on system, Ib. per sq. in., gage. ............0--2-eeeeee 
Original sodium-chloride concentration, grains per gallon........ 
Final sodium-chloride concentration, grains per gallon................ 
nn ESE EE Ae ere 


ee Leak eae obodcicecs seceeesceece tic Sieh ime hae 


Water and sediment in treated oil, percent....................0 ce eeee 


Water 
Oil through water 
sear ame 








Water 
Oil through water 
Coe r.p.m.) 












TABLE 5 


Effects of Washing with Sodium-Carbonate Solution at an Elevated Tempezature 


















































































| sets of three propeller blades. The shaft, with at- 
| tached blades, operated in a cylindrical barrel which 
was closed except for openings near each end. The 
stirrer and mixing vessel were so arranged that the 
lower openings in the stirrer barrel were near the 
bottom of the mixing vessel and the upper openings 
were just below the surface of the liquid. This stirrer 
could be driven in either direction, and its action was 
to deliver a continuous stream of one phase and dis- 
tribute it through the other phase. The speed of ro- 


tation of the stirrer determined the speed of this 
mixing stream. An arrangement was provided to 


maintain the oil-water interface near the center of 
the mixing vessel. 

In experiments No. 12 and 13 this system was 
used. In one case oil washed through water, and in 
the other the reverse operation was employed. In 
“ach case an attempt was made to use the maximum 
rate of washing which did not result in excessive 
emulsification. The data are given in Table 3. In No. 
13 oil entered the settler by bubbling through a layer 
of water, while in No. 12 this was not the case. 

The data in Table 3 indicate that washing oil 
through water is preferable to the reverse operation. 


TABLE 6 


Effects of a Variation in the Concentration of 
Washing Solution 








Experiment No. 19 


Added liquid. 





Sodium-carbonate 
solution (2.5 
: grams per liter) 
Contact. “ ye . Oil through water 





(1,560 r.p.m.) 
275 


Temperature at entrance to mixer,° F................. 27: 
Temperature at entrance to settler,° F............ 195 
Temperature of settler, ° F. ba hae ee gh Paha 202 
I  .  cawecwsiewdocecbccoesece 20 
oN i wale Gubelneeceee 80 
Pressure on system, Ib., per sq. in., gage............... 25 
Original sodium-chloride concentration, grains per ol... 7.8 
Final sodium-chloride concentration, grains per gal.. 2.2 
Sodium chloride removed, RS sca ote Wieses ccwedss 72 
Final water and sediment in treated oil, percent eit & 1.0 
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Experiment No. 16 Experiment No. 17 Experiment No. 18 

ee ea a 8 ing Ska wh ae dae ead de ana d Sodium-carbonate solution | Sodium-carbonate solution | Sodium-carbonate solution 

(5 grams per liter) (5 grams per liter) (5 grams per liter) 
NG OEE EC SS I ee Water through oil Water through oil Oil through water 

(1,200 r.p.m.) (1,560 r.p.m.) (1,560 r.p.m.) 

ee CONN Bos. ee ccs ee des edeistecsec tines 250 275 270 
Teeepeemeune ae emtmemee to eettler, © FF... . we ccc cece cet ecceecs 185 197 200 
Temperature of settler, ° F..... 2.2.0... cece eee cece eee ence eeees 203 204 203 
a a ee SS ard hal eremis ek wih wns 20 20 20 
ea inal n sno 0 ons 66 GA 06 $10.6 6 oOR Co 6 0b 6 ce eed 80.5 80 79.5 
ee SO, MO. icc cass ceceecccccccscnces 15 25 22 
Original sodium-chloride concentration, grains per gallon............... 6.27 7.8 9.1 
Final sodium-chloride concentration, grains per gallon................. mS 87 6.0 1.6 
bec ces ese decebeccteccecsere 23 82.4 
Water and sediment in treated oil, percent.............0..ccccececees 0. 306 1.6 0.42 
stirrer. This stirrer consisted of a shaft bearing three This point was to be expected, for the emulsion 


which tends to form possesses water as the internal 
phase. 

Many considerations indicated that the washing 
action would be more effective if conducted at a 
higher temperature. Therefore, ensuing experiments 
were made with a modified apparatus. 

In the new assembly oil and any aqueous solution 
were fed directly to the pump. This mixture then 
passed through the heat exchanger, was heated to 
the temperature chosen, and entered the bottom of 
the mixing vessel. 

Mixing occurred in a vertical cylinder 11 inches 
high and prepared from a piece of 4,inch pipe. The 
pumping stirrer described above was mounted within 
this chamber, and driven through a packed bearing 
in the top of the drum. The vessel was so arranged 
that, during operation, it remained about half full of 
water and half full of oil. Oil from the mixer passed 
to the bottom of the settler previously described. 

The data in Table 4 give the effects of washing 
oil through water at an elevated temperature. In No. 
14 the rate of mixing was nearly correct. In No. 15 
excessive emulsification was encountered. The salt 
removal accomplished in No. 14—with a near-op- 
timum method of contacting—was, however, very 
poor. Further experiments involved the use of va- 
ricus sodium-carbonate solutions, and a portion of 
these is summarized in Table 5. 

Experiments No. 16 and 17 give the effect of speed 
of washing. The rate in No. 16 was apparently op- 
timum. Comparisons of No. 18 with No. 16 and 17 
substantiates the idea that a greater violence of mix- 
ing can be ‘tolerated when oil is washed through 
water, and a better salt removal is accomplished. 
Comparison of Table 5 with Table 6 very definitely 
indicates the benefit derived through use of sodium 
carbonate. 

One experiment was made with a sodium-carbon- 
ate solution of lower concentration, and the results 
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are summarized in Table 6. In this experiment the 
efficiency of salt removal very definitely increased as 
salts accumulated in the extracting solution. At the 
same time water and sediment fell. The experiment 
was not continued until these values became con- 
stant. 

A comparison of No. 19 with No. 15 and 18 places 
a solution of intermediate concentration in an inter- 
mediate position as regards efficiency of action. 
However, there is a definite indication that some 


concentration below 5 grams per liter is most desir- 


able—when the cost of reagent is considered. 

The experiment just described were all conducted 
with a comparatively large amount of solution, and 
indicated the results which could be obtained with- 
out regard to the amount of solution required. 

One final experiment was made just as before, but 
was continued for a longer period of time. The idea 
was held that, as chlorides accumulated in the ex- 
tracting solution, the efficiency of salt removal 
would first increase; and then, as the chloride 
concentration increased further, would decrease. A 
knowledge of the highest chloride concentration cor- 
responding to satisfactory salt removal would enable 
calculation of the replenishing solution necessary to 
maintain this efficiency. The data secured from the 
experiment are given in Table 7. 

At the close of experiment No. 20 it was found 
that a certain amount of emulsion of high-water con- 
tent had formed and remained in the settler. This 
had removed a large part of the water phase from 
the mixer, and so probably accounted for part of the 
decrease in efficiency with time in the experiment. 
The run indicated, then, that less than 3 percent of 
0.3 percent sodium-carbonate solution need be added 
continuously to effect the removal of 70 percent of 
the salt. It is probable that the amount would be 
decidedly less than this. 

Another, longer experiment would be necessary to 
determine whether, with additional accumulation of 
water-rich emulsion in the settler, the discharged oil 
would finally have a high content of water and sedi- 
ment. With increased time the rate of resolution of 
this emulsion might become equal to its rate of 
formation. Inasmuch as another procedure which 
seemed more desirable was developed, this. additional 
study was not made. 

In experiments involving the washing action with 
rotation of the stirrer at 1560 r.p.m., each sample of 
oil was washed through the water phase 260 times 
during its 20 minutes in the mixer. 


IV. SALT REMOVAL THROUGH CONTACT OF AN 
EMULSION WITH A SOLID AND SETTLING 


As previously outlined, two general systems of 
de-Salting may be used. An attempt may be made to 
remove salt without the formation of an emulsion. 
The experiments last described were of this nature. 
On the other hand, an emulsion may be intention- 
ally-prepared, and special means may then be sought 
to resolve this emulsion. The remaining experiments 
pertain to treatment with a solid agent as a special 
means for resolving an intentionally-prepared emul- 
sion. 

An early simple experiment involved pumping cold 
untreated crude oil through a small column packed 
with excelsior. The column consisted of an 18-inch 
section of 3-inch pipe. The pipe was capped at the 
top, and oil entered through this cap. Excelsior was 
packed in the pipe section. Below this was a’ 3-inch 
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TABLE 7 


A Long Experiment Involving Washing with a 
Sodium-Carbonate Solution 





Experiment No. 20 





SN Is 6i0lb 5 Sais bho thea bebe hte eae Sodium-carbonate 
solution (3.3 
grams per liter) 


NE os 5.5 3 xccsieae caw aweieaicd ase ee Seaiaeee Oil through water 


























(1,560 r.p.m.) 
Temperature at entrance to mixer, ° F................. 280 
Temperature at entrance to settler, ° F................ 203 
NS OE ET xg 59 so as a os noes week 202 
eee SR 55.4 sd dsease 05k oo bale Tso Be 20 
CTE SE RI oo 5.5.5 ob so 0 0: wine Som ece'ee Casa eee 80 
Pressure on system, Ib., per sq. in., gage...............- 25 
Duration of experiment, hours.............0.ccecsee0. 75 
Volume of crude charged, liters. ........066cccscceesses 225 
Water and 
Salt Concentration Sediment 
Original) Final Original) Final 
Removed 
(Grains per Gal.) (Percent) (Percent) 
NS oa ib bso wiles 9.7 2.3 76 0.26 0.63 
ST NID 6.5.5. 05 5 Sabon. 8.8 1.4 84 0.25 0.40 
a ere 8.7 1.4 84 0.26 0.26 
eer ers. 8.7 1.6 82 0.29 0.44 
NNN So sca owes Sas 8.5 1.7 80 0.15 0.55 
oe a Pre rere rt 8.1 2.3 72 0.25 0.46 
pe Ore 8.1 2.1 74 0.26 0.41 
oe ee re 8.2 2.9 65 0.28 0.45 
Oi NS os ance aes cee 10.5 3.4 68 0.35 0.59 
SEED. 0.5.6. 5:50 Sa'e ea 11.9 3.5 71 0.30 0.43 
ee ere 11.4 4.3 62 0.35 0.50 
i gf eee ee eee 10.7 4.4 59 0.32 0.58 
ee rere rere t 9.8 4.1 58 0.32 0.51 
RON 5 acs divs bwcmals'e 9.3 4.9 47 0.32 0.46 
RIG ND os a o's <iesac 8.9 4.6 48 0.25 0.47 























tee. Any water collected was drained from the bot- 
tom of the tee, and treated oil was discharged from 
the side. The space within the tee was open; so a 
small settling zone was present. After the pipe sec- 
tion was packed, 1260 ml. of water could be placed 
in the voids in the excelsior. The open space in the 
tee contained an additional 500 ml. 

Before an experiment, this column was always 
soaked with a chloride solution to prevent any er- 
roneous results due to a mere absorption of water. 
Such a column acts to cause coalescence of water 
droplets, and not as a filter or absorbent. 

When crude oil was pumped through the column 
at 100° F. and with a time of contact of 12.5 minutes, 
a salt removal of 19.2 percent was secured. 

Inasmuch as the excelsior acts to cause coalescence 
of drops rather than actually to remove water, later 
experiments employed a settler in conjunction with 
the excelsior column. Any added water was emulsi- 
fied with the oil by a blade revolving at 3000 r.p.m. as 
in experiment No. 3. The emulsion was heated by 
heat exchange to the desired temperature, passed 
from the top down through the packed column, and 
led from the side of the tee at the bottom to the bot- 
tom of one end of a horizontal settling drum. Dry oil 
was withdrawn from the top of the other end of this 
drum. 


In Table 8 are listed results with both the excel- 
sior column described and with a sand column. The 
sand column was made with 14- to 20-mesh sand, 
and in the same piece of pipe used for excelsior. The 
over-all volumes of the two colums were thus the 
same. The volume of the voids was but 900 ml. in 
the case of the sand column. 

Comparisons of No. 21 and 22 with No. 4 and 6 
indicate the great benefit obtained through the use 
of the excelsior column. Comparison of No. 21 and 
22 with No. 23 and 24 shows that excelsior is defi- 
nitely more effective than 14- to 20-mesh sand. The 
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TABLE 8 


Comparison of Excelsior- and Sand-packed Columns 

















Experiment No. 21 | Experiment No. 22 | Experiment No. 23 | Experiment No. 24 
ee ed ga de aver is pecawer ed besed Excelsior Excelsior Sand Sand 
ee ge es hence deasadeendeeesheas.oes Sodium-carbonate Water Sodium-carbonate Water 

solution solution 
(3 grams per liter) (3 grams per liter) 

Amount of added liquid, percent by volume..................00055 1.42 3 1.42 3 
Temperature at entrance to column, ° F...............c0.eeeeeeees 205 205 220 230 
Temperature at entrance to settler, ° F..............cccceee ce eees 155 165 135 152 
ee ie ak iglb boa 04.4 Ob O02 OSs Ces oe 201 202 201 203 
i Sr 25 25 18 18 
Nes os ond ca bbe h ed ns MUO eS ee tctee 80 110 80 110 
Pressure on system, Ib. per sq. in., gage........ 0... 2c cece cece e ees 20 25 28 28 
Original sodium-chloride concentration, grains per gallon............ 11.4 10.8 9 9.2 
Final sodium-chloride concentration, grains per gallon.............. 4.4 2.4 4.4 3.7 
OUR, UG wc tcc ce tcc cecesseerecesess 61.3 78 51 60 
Water and sediment in treated oil, percent. ............6.00eeeeeee 0.46 0.62 0.48 0.97 
Water and sediment in original oil, percent.................050005- 0.35 0.33 0.33 0.30 











great density of sand, the small percentage of voids, 
the packing tendency, and the high pressure drop 
through any bed are all factors hindering the prac- 
tical use of sand as a contact agent. Inasmuch as it 
was considered that excelsior presented advantages 
in every respect, further experiments were con- 
cerned with the use of the previously-described ex- 
celsior column. 


TABLE 9 
The Effect of Time of Treatment with Excelsior 








Experiment No. 25 





Seite Bue ee ao 5 ose S Caw eda hae bas edede sg Sodium-carbonate 
Solution 

(3 grams per liter) 
Amount of added liquid, percent by volume............ 1.42 
Temperature at entrance to column, ° F............... 220 
Temperature at entrance to settler, ° F................ 153 
i ccna rccceserescovceae 201 
Time in excelsior bed, minutes.....................05- 50 
I IN acc ccctccscccteccescecs 80 
Pressure on system, Ib., per sq. in., gage............... 20 
Original sodium-chloride concentration, grains per gal. . 9.0 
Final sodium-chloride concentration, grains per gal.... 2.7 
Sodium chloride removed, percent..................-: 70 
Water and sediment in treated oil, percent............. 0.35 
Water and sediment in original oil, percent............. 0.29 








Experiment No. 25 (Table 9) was conducted to de- 
termine the effect of the time of contact between ex- 
celsior and oil. The rate was reduced to half that given 
in No. 21, but otherwise this experiment was duplicated. 
As anticipated, the prolonged treatment resulted in an 
improvement in salt removal and in a decrease in water 
and sediment. The improvement, however, through pro- 
longed treatment is not sufficiently great to justify the 
use of equipment of double size. 

The next five studies were made with two volume per- 
centages of water and with four temperatures. The 
experiments were made to determine the effect of tem- 
perature on the completeness of salt and water removal. 
Results are given in Table 10. 

Comparison of No. 26 with No. 28 indicates that the 
addition of 5 percent of water is less desirable than the 


use of 3 percent—both from the standpoint of salt 
removal and of water and sediment. Experiments No. 27 
to 30 demonstrate the effect of temperature. The per- 
centage of salt removed increases, and the water and 
sediment decreases as the temperature rises. It is note- 
worthy, however, that most of the change occurs be- 
tween 100 and 200° F., and 200° F. is almost as satis- 
factory as 275° F. 

In the preceding experiments (No. 27 to 30) a large 
portion of the added water appeared finally as a very 
viscous water-rich emulsion in the bottom of the settler. 
Those experiments were not sufficiently long that this 
deposition caused any particular difficulty. Experiment 
No. 31 (Table 11) was undertaken to determine whether 
this emulsion would eventually resolve as quickly as 
formed or would accumulate to prevent satisfactory 
settling. It is to be noted that, as the experiment pro- 
ceeded, the efficiency of salt removal decreased, and 
the residual water content of treated oil rose. The 
subsidence of water particles was never very satisfac- 
tory, but the removal became less successful as a viscous 
emulsion of high water content accumulated in the 
settler. 

Inasmuch as sodium-carbonate solutions yield emul- 
sions which are comparatively readily resolved, the final 
experiment, No. 32 (Table 12), was a duplication of 
No. 31 with the use of sodium carbonate. This experi- 
ment resulted in satisfactory salt removal, and indi- 
cated successful continued operation. The high per- 
centage removal of salt and the low water content of 
discharge oil proved satisfactory extraction and set- 
tling of water from the oil phase. 

The quantity of water removed was encouraging. 
While this amount did not equal the quantity charged, 
the percentage of charged water removed continued to 
increase as the experiment progressed; i. e., there was 
an accumulation of emulsion rich in water, but the rate 
of resolution of this emulsion approached the rate of 
formation. 














TABLE 10 
The Effect of Temperature of Treatment with Excelsior 

Experiment No. 26| Experiment No. 27/ Experiment No. 28] Experiment No. 29] Experiment No. 30 
Added liquid...... See ee eee Walnut River water | Walnut River water | Walnut River water | Walnut River water | Walnut River water 
Amount of added liquid, percent by volume............ 5 3 3 3 3 
Temperature at entrance to column, ° F................ 203 100 200 240 268 
Temperature at entrance to settler,° F................. 205 100 203 245 277 
oe sw so sacercececicedsene 208 99 212 250 284 
I ME, MN cn os cece ccceccscccecscess 20 20 20 20 20 
ERR ee ee 36 36 36 36 36 
Pressure on system, Ib. per sq. in., gage................ 22 11 30 60 72 
Original sodium-chloride concentration, grains per gallon. 8.0 7.5 7.6 5.7 7.0 
Final sodium-chloride concentration, grains per gallon... . 3.2 5.6 2.3 1.6 1.9 
Sodium chloride removed, percent..................... 60 25 70 72 73 
Water and sediment in treated oil, percent.............. 1.2 1.6 0.77 0.75 0.58 
Water and sediment in original oil, percent............. 0.28 0.26 k 0.26 0. 
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TABLE 11 
A Long Experiment with Addition of Water Alone 





Experiment No. 31 
FN EERE SRE re re eta ee ee Walnut River Water 


















































Amount of added liquid, percent by volume............ 3 
Temperature at entrance to column, ° F............... 250 
Temperature at entrance to settler, ° F................ 250 
NOD Cs Ws isin ic 53.5.6 cred 8S 608 ns ese 250 
Tiase th GHOeOr BOG, WUNNIES. .... occ ccccccveseees 20 
pO rrr e et cee eee rr ree 49 
Pressure on system, Ib., per sq. in., gage............... 75 
Dpation Of GiBONOE, TOGIG... 6... 6 ec ts eee cencees 33% 
eS errr rrr errr etre 100.5 
Sodium-Chloride 
Concentration Water and 
Sediment 
Original|Treated 
Original| Treated 
(Grains per | Removed 
Gallon) (Percent) (Percent) 
OS eer ee ee 11.4 6.8 40 0.27 1.6 
ee ee eee ere 11.7 4.5 61 0.30 0.88 
BN IES 6. 0 Coase 11.6 4.0 66 0.30 1.08 
le eens Crores 12.2 5.5 55 0.25 1.25 
RAD 6 oo 5 6: 50.0 9:0.0°% a8 11.3 5.8 49 0.30 1.22 
NS 6.5 pss dase aM 10.4 5.4 48 0.28 1.19 
Pe Ns 6.6c Ss veewewes 11.0 5.6 49 0.25 1.05 
ee EEO re 11.4 5.2 54 0.30 1.03 
ee Ne a os cee sewer 10.0 6.2 38 0.25 1.23 
rere ee 9.6 5.7 41 0.29 1.53 
pe eee eee 9.4 5.6 41 0.30 1.47 
DISCUSSION 


In the search for the most desirable de-salting system 
for this crude oil, attention may be returned to a con- 
sideration of de-salting units which have been described 
in the literature, and of those which have been visited 
in the Mid-Continent area. 

Literature references describe satisfactory de-salting, 
following emulsification of water and settling, in re- 
fineries in Alma and Muskegon, Michigan. Tempera- 
tures of 250 and 300° F. were employed. While these 
conditions were not exactly duplicated, all of the ex- 
perimental results above indicate that the crude oil 
used cannot be satisfactorily de-salted by simple emul- 
sification of water and settling. It is very probable that 
the treatment necessary for oil supplied to the Michigan 
refineries mentioned differs from that necessary for the 
oil supplied here. 


In the case of the second Mid-Continent refinery de- 
scribed above, satisfactory salt removal followed emul- 
sification of 3 percent of 0.5-percent sodium-carbonate 
solution and settling for 2 hours. Laboratory experi- 
ments roughly parallel the results secured. Experi- 
ments with simple settling failed to give satisfactory 
removal, but conditions were always comparatively 
mild. Experiments Nos. 16, 17, and 18, involving a wash- 
ing action gave good salt removal. If as good extrac- 
tion could be obtained without the washing action, the 
method employed in the refinery considered might well 
be applicable to the crude oil studied in the laboratory. 
The settling time used in the plant installation was long, 
and large vessels were required. 

In the third commercial unit described a part of the 
salt was removed, but a large part remained in suspen- 
sion in a form which did not cause deposition difficulties. 
Such a system is not applicable when the solubility of 
asphalt is of prime importance. 

In another refinery oil is mixed with 1.5 percent of 
0.3-percent sodium-carbonate solution, heated, passed 
through a sand-packed column, and settled. Operation 
is fairly satisfactory. Comparison with a similar labora- 
tory treatment shows approximately the same efficiency 
of salt removal. Thus, a study of commercial results 
indicates that the efficiencies obtained in the laboratory 
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would be roughly duplicated in the plant in units with 
the same times of contact or settling. 

Laboratory studies with emulsification of 3 percent 
of 0.3-percent sodium-carbonate solution, passage 
through an excelsior column, and settling gave more 
complete salt removal than similar experiments with 
smaller amounts of solution and contact with sand in a 
packed column. 

After this comparison of Mid-Continent de-salting 
units and correlation of their systems with laboratory 
results, we may well review the points brought out in 
the experimental studies. 

Simple settling of crude oil at normal or elevated tem- 
peratures does not suffice to remove salt unless an un- 
economically-long settling period is provided. Likewise, 
settling after the emulsification of added water is un- 
satisfactory. In this case it is difficult to say that the 
method is impossible, for any number of procedures for 
contacting oil and water may exist. 


If sodium carbonate is dissolved in emulsified water, 








TABLE 12 
A Long Experiment with Addition of Sodium-Carbonate 
Solution 
Experiment No. 32 
SOR WS soos id os sides hb ata) te Pecmuasen eh cede Sodium carbonate in 


Walnut River Water 
(3 grams per liter) 


Amount of added liquid, percent by volume.......... 3 
Temperature at entrance to column, °F............... 250 
Temperature at entrance to settler, ° F................ 250 
pC hd POP rer re eT te rere 250 
Time in excelsior bed, minutes.............ccccecceess 20 
Died Gk OE, GMI 5. 6. 60:6. S500 0:5 G10 edeid lb eae vod 49 
Pressure on system, Ib., per sq. in., gage............... 81 
OR RAAE. OF SCTE, IID i505 a 5inte sie lesen haes 102 3g 
Ween GE OE Cais BOI 6.6.50 5 vin 0.666 6 ss ceweeuwda se 308 








Chloride Removal: 











Average Values of Sodium- 
Chloride Concentration 










































































— Treated 
il Oil 
Removed 
(Grains per Gallon) | (Percent) 
SERRE. 6. 0 cand «x's Sage he Wee tees 9.6 1.5 84. 
ee Pere ae ae eth er ta PPS. 8.1 1.36 83.3 
NIN. 6.6.5.5 06.0.8 ws,walkweda des tween 7.34 1.17 84.2 
Be I 6 issn e scip-cia cbse elas eacnidewae 8.42 1.62 80.8 
Be ic nies sense c06 ee und eetermed 9.72 1.84 81.0 
Average Water and Sediment: 
Original | Treated 
Oil 
(Percent) | (Percent) 
fg, ee rare ar wee WE OMe eT ay se ipl PSM 0.26 0.30 
i Es i. 5s Beene edncedadsneesteneuneeant 0.25 0.25 
IS 60.5 60:5 acteene ae aWatat bth be 4 o> aadambeke 0.24 0.11 
i I a od cin cid pe thes Cbh id aeieweades shee 0.27 0.27 
I 2S so 0in'a bp 4b bce KO os tee tleeaennk ia baa 0.31 0.35 
Water Removal (Average Values) : 
Water Removed 
Water | Excelsior Percentage 
Added Column | Settler | Total of Added 
Water 
(Millitiers) Removed 
1st 10 hours........ 900 490 25 515 57.3 
2nd 10 hours....... 900 620 nahi 620 69.0 
3rd 10 hours....... 900 503 110 613 68.2 
4th 10 hours....... 900 237 354 591 65.8 
5th 10 hours....... 900 136 442 578 64.3 
6th 10 hours....... 900 92 501 593 66.0 
7th 10 hours....... 900 68 507 575 64.0 
8th 10 hours....... 900 55 533 588 65.5 
9th 10 hours....... 900 60 573 633 70.5 
10th 10 hours....... 900 57 590 647 72.0 
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the subsidence ot emulsihed particles and the coalescence 
of separated drops are more rapid than when water 
alone is employed. The effect becomes more pronounced 
as the concentration of sodium carbonate increases 
from 2.5 to 5 grams per liter. 

The agitation present in a body of boiling oil is 
sufficient essentially to prevent settling. It is possible 
that a very mild ebullition would favor coalescence of 
drops. 

If oil and a sodium-carbonate solution are mixed by 
washing one liquid through the other, an efficient salt 
extraction can be obtained with very little emulsion 
formation. The effect is better if oil is washed through 
water than with the reverse operation, for the emulsion 
which tends to form is one with water in the internal 
phase. 

The separation of an emulsified water phase occurs 
more readily when this phase contains some extracted 
chlorides. 

Passage of an emulsion through a column packed with 
excelsior has a decided tendency to resolve the emulsion. 
An excelsior packing is preferable to a packing of the 
same size of 14- to 20-mesh sand. The beneficial effects 
of sodium carbonate are again observed in settling fol- 
lowing passage through a packed column. 

Contact with excelsior for 25 minutes is nearly as 
effective in resolving an emulsion as contact for twice 
this time. 

In a process involving passage of an emulsion of oil 
and water through a packed column and settling the 
desirable amount of added liquid is about 3 percent. 
The efficiency of salt removal increases as the tempera- 
ture rises from 100 to 270° F. The greatest increase 
comes, however, between 100 and 200° F., and re- 
sults at 200° F. are nearly as satisfactory as those at 
270° F. 

It is probable that, following use of a packed column, 
some settling time is very beneficial; but that, as this 
settling time is increased, the benefit derived from the 
extension decreases. In other words, a settling period 
of medium length is most economical. 

Most satisfactory and successful laboratory de-salting 
was secured by emulsification of 3 percent of 0.3-per- 
cent sodium-carbonate solution, passage through an ex- 
celsior column at 250° F. during 20 minutes, and set- 
tling of 50 minutes at 250° F. 

From the laboratory study, two generally-successful 
methods of salt removal developed. To duplicate the con- 
ditions of experiment No. 20 on a commercial scale (as- 
suming 10,000 barrels of oil a day) the mixing vessel 
would contain 320 barrels and the settler’s volume would 
be 550 barrels. Water consumption would be less than 
13,000 gallons a day, and less than 350 pounds of soda 
ash would be required in a day. It is estimated that the 
power necessary to give the re-circulation provided ii 
the laboratory would cost $7.40 a day for this unit, but 
it is probable that a smaller re-circulation ratio would 
suffice in the plant. 

To duplicate No. 32 on a plant scale 3 percent of an 
0.3-percent sodium-carbonate solution is introduced into 
the crude-oil stream on the suction side of the crude-oil 
charging pump. Emulsification occurs in the pump and 
in heat exchangers. The oil-water mixture is heated by 
heat exchange to 250°F., led to an excelsior-packed 
column, and then to a settler. The packed column has 
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a volume of 290 barrels (for 10,000 barrels a day) and 
the settler contains 340 barrels. 

Operation involves the use of 13,000 gallons of soft 
water and 320 pounds of soda ash in a day. Inasmuch as 
the excelsior does not act as a filter, it should require re- 
placement but rarely. This second method of operation 
is preferred because of a lower cost of operation. 





SUMMARY 


1. De-salting systems in use in several Mid-Continent 
refineries have been described. 

2. Satisfactory salt removal may be accomplished by 
repeatedly washing oil through a sodium-carbonate solu- 
tion at 200°F. during 20 minutes and settling at this 
temperature for 80 minutes. Less than 3 percent of 0.3- | 
percent sodium-carbonate solution need be added con- 
tinuously. 


3. A system of treatment involving emulsification of 
3 percent of 0.3-percent sodium-carbonate solution, 
percolation of the mixture through an excelsior column 
at 250°F. during 20 minutes, and settling at 250°F. for 
50 minutes results in the removal of 80 percent of the 
salt present in crude oil. 

4. A comparison of results obtained in the laboratory 
with those obtained in plant operation indicates that 
results from a laboratory study should be approximately 
duplicated in the plant. 

Application of the most satisfactory laboratory 
treatment in the refinery involves use of a 290-barrel 
container as a packed column and of a 350-barrel drum 
as a settler for each unit processing 10,000 barrels a 
day; 13,000 gallons of water and 320 pounds of soda 
ash are required each day for each unit. 

6. A mineral bed (14- to 20-mesh) is less effective 
than a corresponding excelsior bed for resolving a 
crude-oil emulsion. 
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Laboratory Control 


of the Corrosion of Distillation 


k:quipment and of De-salting 


Processes 


A SURVEY of recent refinery trade literature 
shows a very active interest in the subjects of 
de-salting crude and the protection of distilling 
equipment from corrosion. In general, the literature 
is restricted to descriptions of methods and processes 
which are limited to certain specific conditions. In- 
asmuch as it is impossible to translate data from 
these limited methods and processes for general ap- 
plication, decided differences of opinion have arisen 
as to the optimum conditions for protection against 
corrosion. Moreover, the problem is further compli- 
cated by the lack of uniformity in the various test 
methods and control methods employed by the dif 
ferent investigators. During the past 12 years, since 
Walter Miller’ discussed our procedure in combating 
corrosion resulting from Amarillo crude, we have de- 
veloped uniform methods of studying and combating 
corrosion at our various refineries. It has been sug- 
gested that we present a discussion of these methods 
as a start toward the accumulation and possible uni- 
fication of proceedings for the prevention of cor- 
rosion of distilling equipment. 

Salt in crude oil continues to be one of the most 
serious problems of the oil refiner. These salts, usu- 
ally the chlorides of sodium, calcium, and mag- 
nesium, cause two different types of trouble: 1, the 
mechanical clogging of furnaces, tubes, condensers, 
lines, etc., by deposition; and 2, corrosion of refinery 
equipment by hydrolysis of some of these salts to 
chemically-active hydrogen chloride. The clogging 
of lines may be reduced or entirely eliminated by 
de-salting the crude oil, which in turn reduces the degree 
of corrosion; therefore, de-salting and corrosion pro- 
tection of distillation equipment are so inter-related that 
both factors must be considered together. 


CORROSION OF DISTILLATION EQUIPMENT 


The causes of corrosion of distillation equipment and 
the factors to be considered in the development of 
means of combating such corros-on may be outlined as 
tollows: 

A. Most frequent causes of corrosion: 


1. Hydrogen chloride which results from the hy- 
drolysis of magnesium chloride and hydrogen 
chloride in crude oil from the hydrochloric-acid 
treatment of wells. 

2. Hydrogen sulfide from the crude oil and from the 
decomposition of organic sulfur compounds. 





t Hydrogen-ion concentration. 
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| 
| RACTICAL methods of studying and combating 
| the corrosion of refinery distillation equipment 
| are discussed. The inter-relationship of the various 
| factors causing corrosion. and means of combating 
them are outlined. Detailed methods of test are 
| given for the determination of salt in crude and the 
amount of corrosives which will be released upon 

distillation. The use of the pH? value of conden- 
sate as a basis for corrosion control, and the rela- 
tionship between pH, quantity of corrosives present, 
and the rate of corrosion are discussed. The pro- 
cedure of using the given methods for the control 
of corrosion is illustrated by two examples of com- 
mercial distillation operations. 

This paper was presented at Eighth Mid-Year 
Meeting, American Petroleum Institute, Lassen Ho- 
tel, Wichita, Kansas, May 24, 1938. 
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3. Sulfur dioxide from the decomposition of the prod- 
ucts of sulfuric-acid treatment of distillates. 

4. Dissolved oxygen, usually from distillation steam. 

5. Organic acids, mercaptans, etc. The amount of cor- 
rosion from this source is usually negligible. 

6. Water corrosion of cooling and condensing coils. 


B. The study of any given distillation system to develop 
corrosion protective measures should include: 


1. Determination of which of the above six causes 
of corrosion must be counteracted. 


2. Determination of amount of corrosive agents either 
formed or released in the system: 
a. By analysis of the charge. 
b. By analysis of the effluent streams. 
3. Determination of the extent of metal corrosion: 
a. By analysis of effluent streams. 
b. By record of metal loss from specific plant equip- 
ment over a period of time. 
4. The selection and control of methods of combating 
corrosion. 
a. Removal of source of corrosion from oil before 
charging. 
b. Protective chemical control: 
(1) By stoichiometric calculation of amount re- 
quired to neutralize corrosives. 
(2) By analysis of effluent stream to determine 
the nature and amount of corrosive action. 
(3) By the reactivity of the condensate—such as 
pH value of water. 


c. Use of special alloys in equipment fabrication. 
d. Flooding with water. 
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The successful protection of a given distillation unit 
from corrosion may include any one or all of the cor- 
rosion-combating methods outlined above. 

In the study of any corrosion problem the direct rela- 
tionships are.immediately apparent between the three 
general variables which are: a, source, kind, and qual- 
ity of corrosive material; b, the protective method or 
methods which may be employed; and c, the nature of 
the metals or alloys employed in fabricating the equip- 
ment. Obviously, the over-all system is so complex, and 
the factors are so inter-related, that a discussion of any 
individual factor would be of little value. Corrosion- 
prevention studies necessitate the methodical and simul- 
taneous study of all of these inter-related factors. 

To give a general idea of the procedure we employ in 
making a study of a corrosion problem, two typical dis- 
tillation operations and the corrosion-prevention meth- 
ods adopted are described. The details of laboratory 
test procedures are included as an appendix. 


59, Evolution ~ Lbs per Hr 
8 4 8g 8 g 3 
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FIGURE 1 


The first example of a typical distillation operation 
involves the relatively simple system of distillation of 
an acid-treated cracked distillate. In this system sulfur 
dioxide is the only corrosive agent present, and iron 
(steel and cast iron) is the only metal exposed to the 
sulfur dioxide. The second example pertains to a more 
complex crude distillation system in which two corro- 
sive agents, and at least four different metals or alloys, 
are exposed to the corrosive materials. The corrosive 
agents are hydrogen sulfide and hydrogen chloride; and 
the metals present are steel, admiralty metal, red brass, 
and nickel-aluminum bronze. 


EXAMPLE 1—RE-RUNNING ACID-TREATED 
CRACKED DISTILLATE 


The first example is of a former operation at our 
Baltimore, Maryland, refinery wherein a cracked dis- 
tillate from Pecos crude was treated with sulfuric acid 
in batch agitators to reduce the sulfur content of the 
gasoline, with subsequent distillation of the acid-treated 
distillate. Six to eight pounds of 98-percent sulfuric 
acid per barrel were required for a final product with 
a sulfur content of 0.15 percent, and 14 to 16 pounds 
for a finished product of less than 0.1 percent sulfur. 

The re-run still consisted of a pipe-still and bubble- 
tower system in which the gasoline was flashed-distilled 
in the tower and the tower bottoms circulated through 
the furnace for heat. A maximum liquid temperature of 
415° F. was maintained in the pipe still, and 30 pounds 
of steam per barrel was injected into the base of the 
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tower for stripping. The vapor and condenser system 
was of steel and cast iron. 

The amount of sulfur dioxide released for different 
quantities of acid and for different rates of charge was 
determined by analyzing the effluent.streams (gasoline, 
water, and gas) for sulfur dioxide. The results are 
plotted in Figure 1. The individual points are actual de- 
terminations from the commercial equipment. A labora- 
tory method (method No. 3 in appendix) was developed 
which gave the sulfur-dioxide release from a given acid- 
treated distillate within 2 percent of the actual value 
obtained on the commercial unit. 

Inasmuch as the products of corrosion by sulfur 
dioxide are water-soluble, the rate of corrosion for a 
given rate of sulfur-dioxide evolution could be ascer- 
tained by determining the iron (method No. 4) content 
of the condensate water. The actual iron loss in pounds 
per hour for several rates of sulfur-dioxide evolution 
is given by curve A, Figure 2. From Figure 1, the sul- 
fur-dioxide release for a charging rate of 150 barrels an 
hour with a 16-pound acid treatment was shown to be 
60 pounds an hour—which would give, from Figure 2, 
an iron loss of 10 pounds an hour, or 240 pounds a day. 

From inspection records it was found that the cast- 
iron condenser sections usually failed, and had to be 
replaced after having lost about one third of their total 
weight. The effective loss of iron was, therefore, three 
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times that shown in Figure 2. As the average cost of a 
pound of a cast-iron condenser section was $0.08, the 
actual value of a pound or iron loss through corros:on 
was $0.24. Therefore, the value of metal loss through 
corrosion in the example given above was $57.60 a day. 

The first attempt at chemical protection was the circu- 
lation of large volumes of caustic-soda solution through 
the condenser system. This protected the lower half of 
the condensers, but did not protect the upper portion. 
The iron loss each hour with caustic-soda circulation 
is given by curve B, Figure 2. 
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As a second attempt, gaseous ammonia was injected 
into the distillation system to neutralize the sulfur 
dioxide, and the resultant iron loss when using one 
equivalent [(NH,),SO,] of ammonia is given by curve 
C, and for two equivalents by curve D. The relationship 
between the ratio of ammonia to sulfur dioxide and the 
decrease in iron loss is given in Figure 3. It will be seen 
that twice the theoretical amount of ammonia was re- 
quired to reduce the iron loss by 95 percent. The 
routine control procedure was to analyze by method 
No. 3 each tank of treated distillate for sulfur- 
dioxide release before charging to the ru-run unit, and 
the necessary amount of ammonia to obtain the desired 
protection was calculated. When this distillate was then 
charged to the still, the ammonia-injection rate was set 
at the predetermined value. Hourly samples of con- 
densate water were checked by the stillman for iron 
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content, using method No. 4, and the ammonia re- 
adjusted as necessary. The standard comparison colors 
for iron content were calculated as “pounds of iron loss 
per day.” This figure, being recorded by the stillman 
hourly, had a very salutary effect on the operators in 
maintaining a low iron loss. 

The final control of corrosion in this system was the 
equivalent of “removal of source of corrosion before 
charging.” This was accomplished by installing a 
Stratford continuous treating process? which gave a 
treated product containing a minimum of sulfuric-acid 
reaction products—which, obviously, decreased to a 
minimum the sulfur-dioxide evolution on re-distillation. 
The results were: 





98-Percent Acid Used 











15 Lb. per | 8 Lb. per 
Barrel Barrel 
Sulfur-dioxide evolution, Ib. per 1,000 bbl......... 38.0 20.0 
[ron loss, no ammonia, Ib. per 1,000 bbl.......... 2.0 1 E 
Ammonia used, Ib. per 1,000 bbl................. 20.0 15.0 
Pee eT eee 0.1 0 











CORROSION OF CRUDE DISTILLATION 
EQUIPMENT 


The serious corrosion of crude distillation equipment 
usually occurs from the combined attack of hydrogen 
chloride and hydrogen sulfide. Other corrosives, such 
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as mercaptans, organic acids, etc., are usually minor in 
importance, and may be disregarded if the system is 
properly protected against the attacks of hydrogen 
chloride and hydrogen sulfide. 

Hydrogen sulfide which occurs naturally remains in 
solution in the crude, and is released on heating. Prob- 
ably most of the hydrogen sulfide encountered in crude 
distillation is produced during distillation by the ther- 
mal decomposition of sulfur-containing compounds, par- 
ticularly those of the aliphatic series such as the 
mercaptans. 

Hydrogen chloride may occur as such in the crude oil 
through acidization of oil wells, but it is generally 
agreed that the major source is from the hydrolysis of 
alkaline earth salts during distillation. 

Inasmuch as hydrogen chloride and hydrogen sulfide 
are almost always found together in crude oil, the resul- 
tant corrosion of crude distillation equipment is through 
their combined effect rather than through each indi- 
vidually. It is certain that traces of hydrogen chloride 
greatly accelerate the rate of corrosion from hydrogen 
sulfide. This is due to a cyclic reaction within the vapor 
and condenser system, wherein hydrogen chloride at- 
tacks the iron to produce ferrous chloride. The iron of 
the ferrous chloride is then precipitated as the sulfide 
by hydrogen sulfide, thus freeing the hydrogen chlo- 
ride for additional attack on the iron. It is reasonably 
certain that this cyclic reaction is accelerated by the 
presence of free oxygen. Accepting this cyclic activity 
of hydrogen chloride, it is evident that the major prob- 
lem in preventing corrosion of distillation equipment is 
the neutralization of the hydrogen chloride. 

The substantial reduction or prevention of hydrogen- 
chloride corrosion may be accomplished in a number of 
ways, such as by removing the salts from the crude 
before distillation, by neutralizing the hydrogen chlo- 
ride after release by alkaline chemicals, by the use of 
special alloys in equipment fabrication, or by combina- 
tions of two or more of these methods. 


DE-SALTING CRUDE OIL 


Methods are now available** °® for successfully 
removing all but a trace of the salts originally occur- 
ring in a crude. Thus at Continental’s Artesia, New 
Mexico, refinery, the Petreco process is reducing the 
salt content of the crude charged from about 100 pounds 
down to 7.7 pounds per 1000 barrels. 

De-salting equipment and processes have been exten- 
sively discussed in the literature; but the literature 
on the control of de-salting operations is not extensive, 
and is far from uniform. 

The control of a de-salting operation is usually quite 
critical. An exact balance of temperature, wash-water 
quantity, pressure, degree of emulsification and separa- 
tion (settling time, electrostatic field, filtration, or cen- 
trifuging) must be maintained at all times for uniform 
results. In view of these variables, the correct condi- 
tions for optimum separation of salt from any given 
crude by any specific process must be determined. 

A rapid and accurate method for determining the 
salt content of the crude before and after de-salting is 
required for process control. The Continental phenolic 
water-wash method (method No. 1 in appendix) is 
recommended for routine control work. 

The usual procedure in controlling de-salting-plant 
operations is to determine the salt content of the crude 
oil before charging it to the process. When stratifica- 
tion in the crude-oil tank is expected, several samples 
taken from different tank levels should be tested. With 
these test data available, it is possible to pre-set the con- 
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ditions at the de-salting plant for the maximum removal 
of salt. 

The effluent crude from the de-salter should be ex- 
amined as frequently as experience dictates, to deter- 
mine efficiency and to control satisfactorily the de- 
salter operation. This examination may involve either a 
test for salt content or a test for hydrogen-chloride re- 
lease by the distillation method. If experience shows 
that there is a wide variation in ammonia requirements 
at the crude distillation stills, probably the latter test is 
preferable. 


PREVENTION OF CORROSION BY THE USE 
OF ALLOYS 


The use of special alloys to overcome corros:on has 
developed rapidly during the past few years, and 
extensive discussions on the subject are available in the 
literature. As a rule, the use of special alloys for corro- 
sion prevention is limited to locations where the corro- 
sion is so severe that the usual chemical protective 
measures fail. 

Special alloys are frequently used to combat a cor- 
rosive-water condition. In doing this care must be exer- 
cised in selecting a protective chemical for corrosion 
protection on the oil-vapor side of these tubes, because 
the alloy for corrosion protection on the water side of 
the exchanger may be rapidly attacked by the chemical 
protective agent used in the oil vapor. The discussion of 
the use of alloys for corrosion protection is limited to 
this one admonition on the relationships which may 
exist between alloy and chemical corrosion protection. 


CHEMICAL METHODS OF PREVENTING 
CORROSION 


To control the hydrogen-chloride and hydrogen-sul- 
fide corrosion of distillation equipment, the amount of 
these corrosive agents which will be released during 
distillation of a given crude must be determined. Fair 
accuracy is required in this determination, inasmuch as 
the data from this test will be the basis for determining 
the amount of neutralizing chemical to be used. The 
amount of hydrogen chloride and hydrogen sulfide re- 
leased on distillation of the crude oil may be determined 
e'ther by analysis of the effluent streams from the dis- 
tillation equipment for the chloride and sulfide content 
or by the direct measurement of the hydrogen chloride 
and hydrogen sulfide which will be released by distilla- 
tion in our laboratory test method (method No. 2). 

The determination of the quantities of corrosives by 
the analysis of the effluent streams is too complex for 
control purposes, but is essential for the obtaining of 
basic data from which accurate control methods may be 
developed. Laboratory methods, as a rule, do not give 
the same hydrogen-chloride and hydrogen-sulfide release 
as a commercial unit. It is, therefore, necessary to obtain 
correction factors by the detailed analytical determina- 
tion of corrosives from the commercial equipment for 
comparison with data from the laboratory method. 

There seems to have been little work reported on the 
formation of hydrogen chloride by the hydrolysis of the 
alkaline-earth chlorides under conditions similar to 
those existing in crude distillation. It is known that 
magnesium chloride is probably the main offender ; but 
there is, for example, a question as to whether calcium 
chlor de produces free hydrogen chloride by hydrolysis 
in crude-oil distillation. 

By using our control method (method No. 2) for 
the dete mnation of the release of hydrogen chloride 
from the distillation of crude oil, a general idea may be 
obtained as to the relationship between hydrogen-chlo- 
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ride release and salt content. An Oklahoma crude was. 
water-washed and filtered until it was free of chlorides. 
It showed no hydrogen-chloride release by method No. 
2. Various quantities of magnesium chloride were added 
to the crude, and the hydrogen-chloride release on dis- 
tillation was determined. The results are given in Figure 
4. A magnesium-chloride content of 150 pounds per 
1000 barrels gave a hydrogen-chloride release of 45 
pounds, which is equivalent to 39 percent complete hy- 
drolysis. At lower concentrations, for example, below 5 
pounds of magnesium chloride, the results are less re- 
producible, but indicate complete hydrolysis of the salt. 
The dotted line indicates the theoretical hydrogen- 
chloride release for complete hydrolysis. It should be 
realized that these data are for but one set of conditions, 
and may be varied widely by the conditions of test. 

Sodium chloride and calcium chloride, both alone and 
in the presence of magnesium chloride, in crude oil were 
studied to determine whether they would hydrolyze and 
release hydrogen chloride on distillation. Sodium chlo- 
ride, either alone or with magnesium chloride, proved 
to be inert, as was expected. Calcium chloride alone, in 
concentrations up to 200 pounds per 1000 barrels, 
showed practically no hydrogen-chloride release—the 
quantity released being only about % pound per 1000 
barrels and, therefore, within the error of a blank de- 
termination. In the presence of both magnesium chloride 
and calcium chloride up to 30 pounds per 1000 barrels 
of calcium chloride, the hydrogen-chloride release was 
substantially the same as shown in Figure 4 for mag- 
nesium chloride alone, the calcium chloride apparently 
having no effect. 

When very large quantities of calcium chloride, i e., 
200 pounds per 1000 barrels, were present with mag- 
nesium chloride, there seemed to be a suppression of the 
hydrolysis of the magnesium chloride—less hydrogen 
chloride being released than for the corresponding 
amount of magnesium chloride alone. The results were 
erratic; and, as the salts in high concentrations were 
added to the crude in solid form, the hydrolysis-sup- 
pression data are questioned. It is evident that exten- 
sive study of the salt systems in crude oil is needed 
before a full understanding of the hydrogen-chloride 
release during crude distillation is obtained. 
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It is apparent, however, that the presence of mag- 
nesium chloride is highly detiimental, but corrosion 
prevention may be accomplished either by salt removal, 
as previously described, or by chemical neutralization, 
as for example, by ammonia. 
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THE USE OF AMMONIA TO PREVENT 
CORROSION 


Ammonia has proved to be the most satisfactory 
neutralizing chemical for hydrogen-chloride and hy- 
drogen-sulfide corrosion, and the trade literature amply 
covers the mechanics of its use in many successful in- 
stallations.) 7 * ® There is, however, a wide difference 
of opinion as to the correct amount of ammonia to use. 
The minimum use reported is that required to neutralize 
the hydrogen chloride only, while the maximum repre- 
sents a surplus over the equivalent quantity required 
for neutralization of both the hydrogen chloride and 
the hydrogen sulfide. 

In an all-iron system, such as that described by 
Puckett,’ complete protection of the iron may be ob- 
tained by the use of a large excess of ammonia—prob- 
ably neutralizing to a pH as high as 9.0. In an all-iron 
system this is certainly the most positive and simplest 
method of protection, and is economical unless large 
volumes of ammonia must be used to neutralize exces- 
sive amounts of hydrogen sulfide. In such case, however, 
the quantity of ammonia may be decreased until an eco- 
nomic balance is reached between cost of iron loss vs. 
cost of ammonia. 

In most refineries, however, the crude distillation 
system includes both iron and copper alloys, such as 
admiralty metal or red brass. The use of such copper- 
bearing alloys greatly complicates ammonia control; 
but, regardless of this, these copper alloys are fre- 
quently necessary because of bad water conditions. The 
brasses as a whole are relatively safe from corrosion 
under substantially acid conditions, but are rapidly 
attacked under alkaline conditions’’—thus making it 
impossible to add large amounts of ammonia for com- 
plete iron protection. 

The literature indicates a wide diversity of opinion 
as to the safe amount of ammonia to be used in a dis- 
tillation system containing brass. Some report safe use 
of the brasses in an ammonia-protected system with a 
pH as high as 8.5, while others report rapid attack with 
a pH as low as 7.5. The manufacturers of brass tubes 
usually recommend pH values less than 7.5 for pro- 
tection of the copper alloys. Most references indicate 
that a higher pH than 7.5 is required for the protection 
of iron. 

This difference of opinion may arise through a lack 
of understanding of the relationships between pH and 
the quantity of corrosive chemicals present, and to the 
mechanics of. ammonium-sulfide attack on brass. Ad- 
miralty metal has been found to be relatively free from 
attack by large volumes of hydrogen sulfide, provided 
hydrogen chloride is absent or has been neutralized. If, 
however, sufficient ammonia is used to neutralize the 
hydrogen sulfide, the brass is rapidly attacked. Pre- 
liminary tests indicate that this probably is due to the 
fact that the ammonium sulfides dissolve or disintegrate 
the protective copper-sulfide film which is formed on the 
copper in the simple hydrogen-sulfide-copper system. 
This reaction is accelerated in the presence of free 
oxygen. 


CONTROL OF AMMONIA BY pH OF STREAMS 


For a theoretical study of the pH scale, the reader is 
referred to such authorities as Taylor.** However, a few 
of the fundamental principles may be reviewed to clarify 
the subsequent discussion. The pH scale is a measure of 
the hydrogen-ion concentration or the “acidity” vs. 
“alkalinity” characteristic of a system. It does not 
measure the quantity of acid, alkali, or salt present. 
Water solutions of salts of strong acids and. strong 
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bases (which are slightly hydrolyzed) and salts of 
weak acids and weak bases (extensively hydrolyzed) 
have a neutral reaction, i. e., a pH of 7. In the case 
of salts of strong acids and weak bases, the solutions are 
acidic in character, i. e., they have a low pH value which 
depends upon the concentration of the salt. Thus a 
0.01 N solution of ammonium chloride shows a pH 
value of 5.6. In like manner, salts of weak acids and 
strong bases give high pH values. 

Figure 5 and 6 have been prepared to show the re- 
lationship between pH and the amount of ammonia 
required to neutralize several systems of hydrogen 
chloride and hydrogen sulfide. Curves A, B, and C 
(Figure 5) represent the actual concentration of 
chlorides and sulfides found in the condensate from a 
crude distillation still. Curves D and E to F show the 
effect of greater quantities of hydrogen chloride and 
hydrogen sulfide, respectively, than the concentra- 
tions reported in curves A, B, and C. Solutions of 
hydrogen chloride and hydrogen sulfide of the con- 
centrations given in Table 1 were prepared, and the 
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number of milliliters of 0.1101 N ammonia required 
to give a pH range of 5 to 9 was determined, using 
100 ml. of original solution. The resulting curves give 
a measure of the relative amounts of ammonia re- 
quired to neutralize the hydrogen-chloride-hydrogen- 
sulfide systems to any desired pH. The pH data 
diverge slightly from a theoretical buffer solution 
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because of the increase in volume due to the am- 
monia solution used. 

Curve A shows the ammonia required to neutralize 
the straight hydrogen chloride. From a pH of 5.6, 
where the equivalent quantity of 13.3 ml. of ammonia 
solution was required, down to a pH of 8, less than 1 
ml. of the ammonia solution was required. At 8.5 only 
2.2 ml. more than the equivalent was needed. How- 
ever, beyond a pH of 8.5 large amounts of ammonia 
are required to raise the pH a slight amount, showing 
the buffering effect of the ammonium chloride. 

Curve B gives the ammonia requirement for the 
pure hydrogen-sulfide solution. A very rapid rise in 
pH results from small increments of ammonia, until 
the acid-sulfide equivalent is reached with 1.6 ml. at 
9.1 pH. Thereafter the ammonia requirement in- 
creases rapidly, showing that the full sulfide equiva- 
lent is reached at 9.5 pH. Curve C shows the am- 
monia requirement for the combined hydrogen-chlo- 
ride-hydrogen-sulfide system. It follows curve A 
closely. At 8.5 pH the total hydrogen-chloride-hy- 
drogen-sulfide equivalent is reached at 16.5 ml. Curve 
D shows that a more highly concentrated hydrogen- 
chloride solution gives a similar curve. 

We can, therefore, conclude that, in a system com- 
posed of appreciable hydrogen chloride but only a 
trace of hydrogen sulfide, ammonia may be used to 
reach a pH of 8 to 8.5 with very little surplus ammonia 














TABLE 2 
Lbs. per 
1,000 Bol. 
A. Quantity of Corrosives Released: 
1. By analysis of effluent streams: 
Sia a 3.15 
b. Hydrogen sulfide.......... Spey ee gt iy epg ame 0.36 

2. By laboratory distillation: 
ee ole. adv aen cea eae dead b4603 4.6 
ee ee eke eked tavebetesese 0.46 

B. Ammonia Requirements: 

1. Theoretical equivalent based on (A-1): 
cece cere reccceveccsecs 1.47 
ISO TT TEC TTT TPE TTT ee 0.36 

a i a ta ale bap kd OSS A Ee 4:60 1.83 

2. Actual ammonia injected into still.................... a 2.00 

C. Characteristics of Water Condensate: 

1. Volume, gallons per 1,000 bbl. of crude.................. 708 

2. se Tee ik we sc eneabaee sis 8.5 

3. ormality of hydrogen chloride. .................00.4-- 0.01464 

4. Normality of hydrogen sulfide........... .............. 0.00354 








used over that required to neutralize the hydrogen 
chloride. With this pH of 8 to 8.5 in an iron-copper- 
alloy distillation system, there would probably be 
little or no attack on copper alloys, and the iron 
would be fully protected. 

Figure 6 gives the effect of a higher concentration 
of hydrogen sulfide with the same hydrogen-chloride 
concentration shown in Figure 5. Curve A is the 
same straight hydrogen-chloride titration reported in 
Figure 5, while curve E is the titration of the straight 
hydrogen-sulfide solution (22 times the concentration 
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of that in B of Figure 5). Curve F is the titration 
curve for the combined hydrogen-sulfide-hydrogen- 
chloride system. Here we find a very different condi- 
tion when comparing the hydrogen-sulfide-hydrogen- 
chloride solution curve with the straight hydrogen- 
chloride solution curve. Even at a pH of 5.6, more 
ammonia is required than the hvdrogen-chloride 
equivalent. With higher pH values the ammonia re- 
quirement increases rapidly, until at a pH of 8.5 prac- 
tically twice as much ammonia has been used as was 
required for the hydrogen-chloride neutralization. 
This large excess of ammonia in the form of the acid 
sulfide would cause rapid attack on the copper alloys. 
A study of curve F shows that, if corrosion of copper 
alloys by ammonia is to be avoided, the pH should be 
kept below 6. This pH of 6, however, is definitely too 
low for iron protection. 

In this last system it is impossible to protect both 
the iron and the copper alloys with ammonia. Under 
this condition the most logical thing to do is to 
change to an all-iron system to permit the use of an 
excess of ammonia. Another expedient which has 
proved successful with hydrogen chloride and large 
volumes of hydrogen sulfide is to use a water-jet con- 
denser and so to flood the condensate system with 
water that the hydrogen chloride and hydrogen sul- 
fide are diluted past the danger point. This last ex- 
pedient has worked reasonably well at our Artesia, 
New Mexico, refinery. 


EXAMPLE NO. 2 


Our No. 5 Foster-Wheeler crude still at Ponca 
City, Oklahoma, may be used as an example of the 
use of the ammonia method for the corrosion protec- 
tion of crude distillation equipment containing both 
iron and copper alloys. The equipment consists of a 
10,000-barrel-per-day single-flash single-tower Fos- 
ter-Wheeler unit. The operation involves the reduc- 
tion of Oklahoma City crude to a 40-percent bottom. 
The flash temperature is 600° F. 

The corrosive agents consist of hydrogen chloride 
with only a small quantity of hydrogen sulfide. The 
salt content is relatively high—82 pounds per 1000 
barrels. Serious trouble from deposition of salt in the 
heat exchanger system is overcome by maintaining 
sufficient pressure to prevent the vaporization of the 
water. No de-salting operation is used. 

Table 2 summarizes the data required for the proper 
control of the corrosion in the system under discussion. 
The hydrogen-chloride release of 3.15 pounds per 1000 
barrels is ample for severe corrosion if not neutralized, 
but the hydrogen-sulfide production is so low that it is 
negligible. The concentration of hydrogen chloride and 
hydrogen sulfide in the water is that given in curve C, 
Figure 5. In view of the low hydrogen-sulfide content, 
sufficient ammonia is used to give a pH value of 8.5. 
The ammonia injection, based on hourly pH readings, 
is controlled to give a resultant pH value of 8 to 8.5 on 
the effluent water. 
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From Table 2 it will be seen that the hydrogen- 
chloride release as determined by the laboratory is 
higher than that found on the unit. This is at least 
partly due to the low flash temperature (600° F.) 
of this particular operation. Rather than vary the 
laboratory procedure to decrease the hydrogen chloride 
released, we use the standard procedure and multiply 
the results by a factor (0.67 in this case) to estimate 
the probable release on the commercial operation. 


RATE OF CORROSION 


Due to a rather severe water condition, it is neces- 
sary to use copper-bearing alloys in the condensers and 
coolers. Both steel and admiralty tubes are used in heat 
exchangers. The maintenance records show the prob- 
able average tube life for the various services and 
metals to be: 


1. Vapor to crude exchangers: 
2. Admiralty metal—practically indefinite life—more than 
5 years. 
b. Steel, on heavier streams—10 to 20 months. 
2. Condensers and coolers: 


4 Admiralty metal—12 months—all failures due to de- 
zincification from water side. No failures from vapor 
side. 

b. Red brass—no failures after 18 months. 

c. Nickel-aluminum bronze—one tube failure in 30 
months of service. 


Formerly, admiralty metal was used in all condensers 
and coolers; but, due to the short life caused by de- 
zincification from the water side, all replacements dur- 
ing the last 18 months have been with red brass. The 
long life of admiralty in exchangers indicates that this 
copper alloy is safe with a pH of 8.5 maximum with the 
reported concentrations of chlorides and sulfides. 

Although we have not had failures of the red brass, 
there are indications that a slow attack from the vapor 
side is taking place. The condensate carries a trace of 
copper. On another unit, under similar conditions, we 
have had a few failures of red brass from the vapor 
side. The estimated life obtained by extrapolation on 
probability paper’? is from 42 to 60 months. 

It, therefore, appears that under these conditions a 
pH of 8.5 is too high for red brass, but a lower pH 
causes an increased attack on steel. We have not as 
yet determined the relative economy of a lower pH. 

The experimental bundle of nickel-aluminum bronze 
is showing excellent results, and may be a solution to 
this particular problem. 

Although a pH of 8.5 appears safe for admiralty 
and fairly safe for red brass on this installation, it 
should be remembered that this is true only because 
of the low hydrogen-sulfide release. At other plants 
with more hydrogen sulfide, we have observed very 
rapid loss from red brass with pH’s of 7.5 to 8.0. It, 
therefore, appears that the question of ammonia control 
by pH must be determined for every individual unit 
and for each particular crude. 


APPENDIX 
METHODS OF TEST 


METHOD NO. 1—TO DETERMINE THE HALOGEN 
SALT CONTENT OF CRUDE OIL AS 
SODIUM CHLORIDE 


Apparatus 


a. 1000-ml. separatory funnel. 

b. 100- and 250-ml. graduated cylinders. 

c. 250-ml. Erlenmeyer flask. 

d. Burette, filter paper, funnels, hot plate, etc. 


* British Drug House, Ltd. 
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Solutions 
a. Phenol solution: 88-percent USP phenol in 12 percent 
water, must be clear and colorless; keep in brown 
bottle. 
b. Benzene or toluene, technical grade. 
c. Standard 0.04881 N silver nitrate (AgNOs;) (8.293 g. 
AgNOs per liter. 1 ml.=20 lb. sodium chloride per 


1000 bbl.) 

d. Cadmium nitrate (Cd(NQOs:):—10-percent solution in 
water. 

e. Potassium chromate (K2CrO,)—5-percent solution as 
indicator. 


f. Sodium-hydroxide solution, % percent. 
g. BDH* Universal indicator. 
Procedure 

a. Transfer exactly 125 ml. of the oil sample under test 
(after thorough agitation) into the separatory funnel. 

b. If the oil is very viscous, add 125 ml. benzene or 
toluene. Thoroughly agitate to mix the oil and benzene. 
With most crude oils lighter than 34 API gravity, the 
solvent is unnecessary. 

c. Add 200 ml. of boiling distilled water, and shake gently 
for 3 min. Frequently relieve pressure by opening the stop 
cock of the inverted funnel. Add 20 ml. of phenol and 30 ml. 
of boiling distilled water, and shake for 5 min. 

d. Allow the mixture to stand until more than 100 ml. of 
clear-water solution has separated. Filter off exactly 100 
ml. of the water into a graduated cylinder through two 
sheets of heavy qualitative filter paper. 

e. If negligible quantities of sulfide and mercaptans are 
present, transfer the 100 ml. of filtered solution to an 
Erlenmeyer flask; adjust to 6.5 pH, and add 2 ml. of the 
chromate indicator. Titrate the cold (not over 85° F.) solu- 
tion with 0.04881 N AgNO; to a light orange end point, 
using a blank of water and chromate for color comparison. 

f. If either sulfides or mercaptans or both are present, 
they must be removed before the chlorides can be deter- 
mined. The 100 ml. of solution from (d) is transferred to a 
250-ml. beaker, 1 ml. Universal indicator added, and the 
solution adjusted to a pH of 6.5-7.0 (light greenish yellow). 
The sulfides and mercaptans are precipitated with a slight 
excess of Cd(NOs)2. Allow to stand 30 min. and transfer 
to centrifuge tube. Centrifuge until the solution is clear and 
the precipitate is a dense, firm mass. Decant the clear 
solution to the Erlenmeyer flask, filtering if necessary. 
Rinse the beaker with 10 ml. distilled water into the cen- 
trifuge tube. Thoroughly wash the precipitate by shaking, 
and re-centrifuge. Decant the clear wash water into the 
solution in the Erlenmeyer flask, and adjust to exactly 6.5 
pH (yellow). Titrate for chlorides as in (e). 


Calculation 

(ml. AgNO;—ml. blank) KX 20=I1b. NaCl per 1000 bbl. 
This relationship is true only if the exact volumes and 

concentrations are used. If the determination is desired in 

other units, the AgNO; solution may be adjusted: accord- 

ingly. [Thus, ml. of 0.05379 N AgNO; (9.138 g. per liter) = 

10 g. NaCl per barrel.] 


Discussion 


a. The use of phenol and the aliquot portion of solution 
results in a rapid determination suitable for control pur- 
poses. The phenol not only gives rapid separation of the 
water layer, but also promotes the extraction of asphalt or 
wax-protected salt crystals from the crude. A_ similar 
method has been suggested by Blair“ in which a special 
“de-stabilizer” is used in place of phenol. The use of the 
first 100 ml. of solution as an aliquot part has been justified 
experimentally by separating all of the wash water and 
analyzing successive portions for chloride content. If the 
crude oil contains appreciable free water, the aliquot portion 
should be corrected. 

b. In the case of most “sweet” crudes the cadmium sepa- 
ration is unnecessary. If, however, a dark precipitate ap- 
pears when starting the silver-nitrate titration, the presence 
of sulfides is indicated. In the case of unknown crudes, a 
second small aliquot portion of water from the separatory 
funnel may be checked with Cd(NQOs)2 solution before 
proceeding with the determination. 

c. The success of the cadmium removal of the sulfides 
and mercaptans depends on the exact adjustment of the pH 
values. In solutions with a pH value slightly lower than 
6.5, the precipitation of the mercaptans is not complete, and 
some chloride may be carried down with the sulfide. 

d. The BDH Universal indicator is recommended, as it 
permits the adjustment to both 6.5-7.0 and to 6.5 pH. At the 
latter value it is a clear yellow, which does not interfere 
with the chromate indicator. If, after the addition of the 
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indicator, the color is not a bright yellow, the solution can 
be adjusted io 6.5 pH by comparing the color with a blank 
of water and chromate. 


METHOD NO. 2—TO DETERMINE HYDROGEN 
CHLORIDE AND HYDROGEN SULFIDE RELEASED 
FROM CRUDE-OIL DISTILLATION 


Apparatus 


The apparatus consisting of an interchangeable ground- 
glass joint assembly for steam distillation is shown in 
Figure 7, and includes: 


a. Long-neck 1000-ml. flask with thermometer well. 

b. Thermometer well and high range ASTM distillation 
thermometer (D 86-35). 

c. Adapter neck and steam-delivery tube and source of 
steam. 

d. 18-in. jacketed water-cooled condenser. 

e. Special adapter. 

f. 500-ml. Erlenmeyer flask receiver. 

g. ASTM absorber (D 90-34T). 








FIGURE 7 
Solutions 

a. Sodium carbonate, 3.306 g. Na:COs per liter. 

b. Standard hydrochloric acid, 0.08623 N. 

c. Hydrochloric acid, 0.2 N. 

d. Hydrochloric acid, 4.0 N. 

e. Potassium hydroxide, 5 percent KOH. 

f. Cadmium nitrate, 10-percent Cd(NOs)>. 

g. Standard silver nitrate, 7.328 g. AgNOs per liter. 

h. Standard iodine solution, 0.09227 N In. 

i. BDH Universal indicator. 

j. Potassium-chromate indicator, 5 percent K:CrOs,. 
Procedure 

A. For hydrogen chloride only: 

a. Deliver 500 ml. of crude oil to be tested into the flask 
(A) and assemble equipment. 

b. The Erlenmeyer flask receiver (F) is empty, but the 
absorber (G) should contain exactly 45 ml. NazCOs solution 
(3.306 g. per liter). 

c. Heat is applied, and the temperature raised to 250° F. 
in 10 min. 

d. Steam is introduced into the flask, and so regulated 
that approximately 40 ml. of water condensate will form 
throughout the distillation. 

e. The temperature is raised at such a rate that 500° F. 
will be reached in 30 min. and 650° F. in an additional 15 
min. (total time from starting of heating, 55 min.). 

f. Upon reaching 650° F. the heating and steam injection 
is immediately stopped. 

g. The condensate in the receiver is transferred to a 
separatory funnel and, after shaking, the water layer is 
drawn from the distillate into the absorber (G). Two 15-ml. 
distilled water washes are used to rinse the receiver (F) 
and to wash the gasoline in the separatory funnel. During 
shaking, the funnel should be kept stoppered except for 
occasional ventings to relieve pressure. Transfer the wash 
water to the absorber. 

h. Make the total volume in the absorber up to about 
150 ml. and back titrate with standard hydrochloric acid 
(0.08623N) using methyl orange as an indicator. Make a 
blank titration of the hydrochloric acid against 45.00 ml. of 
the sodium-carbonate solution. 


Calculation: 


(ml. HCl for blank — ml. HCI for titre) 
=g. HCl per barrel of oil. 
or 
(ml. HCl for blank — ml. HCl for titre) & 2.2 
= 1b. HCI per 1000 bbl. 


278 








B. For both hydrogen chloride and hydrogen sulfide: 
a. Place 50 ml. of 5-percent potassium hydroxide in both 
the receiver (F) and the absorber (G). 

b. Proceed with the distillation as in (A). 

c. Transfer the solution from the absorber (G) into a 
400-ml. beaker, and rinse the absorber with two 15-ml. 
washes of distilled water. 

d. Transfer the contents of the receiver (F) to a separa- 
tory funnel, shake thoroughly, settle, and draw the solution 
into the same beaker (C). Rinse the receiver and the 
gasoline with two 15-ml. washes of distilled water, and 
transfer the wash water to the beaker. 

e. Carefully neutralize the solution to a pH of 6.5-7.0 
with dilute nitric acid; then precipitate the sulfide and 
mercaptans with a small excess of cadmium-nitrate solution. 
Let stand 30 to 60 min. as a filtering aid. Filter through 
quantitative filter paper. Wash sparingly with cold distilled 
water, adding the wash water to the filtrate. 

f. Readjust the filtrate to a pH of 6.5, add 2 ml. of 
chromate indicator, and titrate with silver nitrate. 


Calculation: 
(ml. AgNO;—ml. blank) X 1.1 
= lb. HCI per 1000 bbl. of crude oil. 

g. The cadmium sulfide and mercaptides are separated 
by washing the precipitate on the filter paper with a small 
volume of 0.2 N hydrochloric acid, which decomposes and 
dissolves the mercaptides. The volume of acid required de- 
pends upon the quantity of mercaptans present, and should 
be determined by experience for any given crude. The 
precipitate is washed repeatedly by returning the acid 
filtrate to the precipitate, which should be stirred while 
washing, to obtain complete removal of the mercaptides. 
Finally, sparingly wash the precipitate with distilled water, 
and discard the washings. 

h. The remaining precipitate consisting of cadmium sul- 
fide is transferred with the filter paper to a beaker; add 100 
ml. distilled water; disperse the precipitate in the water by 
thorough stirring. Add 20 ml. of 4 N hydrochloric acid (to 
make the total solution 0.6 N CH1) and titrate the liberated 
hydrogen sulfide with standard iodine solution, using starch 
as an indicator. 


Calculation: 
(Total ml. 


Discussion 

a. For routine control work, where only the hydrogen- 
chloride release is required, procedure (A) is rapid and 
more reproducible than the more complex methods requir- 
ing the separation of hydrogen sulfide and mercaptans. The 
latter do not interfere with the titration of hydrogen chlo- 
ride to a methyl-orange end point. 

b. Hydrogen sulfide and mercaptans interfere with all the 
usual chloride determinations using silver or mercury. If 
the quantity of hydrogen sulfide is desired, the cadmium 
separation will be satisfactory if care is taken to have the 
solution acidities exactly as specified. When very large 
volumes of hydrogen sulfide and mercaptans are present 
and the hydrogen-chloride content low, the cadmium pre- 
cipitate will sweep down some chloride—thus lowering the 
quantity of hydrogen chloride found. In such cases a check 
distillation by procedure (A) may be made for the true 
hydrogen-chloride release. 

It is also possible to separate the chlorides from the 
sulfide and mercaptans by taking an aliquot portion of the 
original solution (B-d) for each determination. One part 
is used to determine hydrogen sulfide by the cadmium 
method. The second portion is neutralized, and an excess 
of silver-nitrate solution added to precipitate the chlorides 
(about 10 ml. more than needed for the hydrogen chloride). 
Add concentrated nitric acid to increase the volume by one 
third, and boil to decompose all sulfide and mercaptides. 
Cool and back titrate with standard ammonium-thiocyanate 
solution, using ferric alum as an indicator according to the 
standard Volhard procedure. 


I.—ml. blank) X 1.1=1b. H2S per 1000 bbl. 


METHOD NO. 3—FOR DETERMINATION OF 
SULFUR-DIOXIDE RELEASE FROM ACID- 


TREATED DISTILLATES 
Apparatus 


Similar to that in Figure 7, except that a 500-ml. gradu- 
ated cylinder is used in place of the receiver (F). 


Procedure 


Caustic-soda solution is used in both the receiver and 
absorber; 500 ml. of distillate is charged to the flask, and 
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heated to above the boiling point of water. Steam is cut in 
at a rate equal to the steam ratio to distillate used in the 
plant (30 pounds per barrel). 

The temperature is gradually raised to the maximum 
temperature reached in the commercial unit (415° F.). Dis- 
tillation is continued until the predetermined yield of gaso- 
line or distillate has been received in the graduate. 


Standard Buffer Solutions of Clark and Lubs”™ 











(50 ml. A plus x ml. B diluted to 200 ml.) 











A=0.2M A=0.2 M A=0.2 M HsBOs3* Plus 
KH o-phthalate KHe2PO.4 0.2 M KCI 
B=0.2 M NaOH B=0.2 M NaOH B=0.2 M NaOH 
pH ml. B pH ml. B pH ml. B 

4.0 0.40 5.8 3.72 7.8 2.61 
4.2 3.70 6.0 5.70 8.0 3.97 
4.4 7.50 6.2 8.60 8.2 5.90 
4.6 12.15 6.4 12.60 8.4 8.50 
4.8 17.70 6.6 17.80 8.6 12.00 
5.0 23.85 6.8 23.65 8.8 16.30 
5.2 29.95 7.0 29.93 9.0 21.30 
5.4 35.45 7.2 35.00 9.2 26.70 
5.6 39.85 7.4 39.50 9.4 32.00 
5.8 43.00 7.6 42.80 9.6 36.85 
6.0 45.45 7.8 45.20 9.8 40.80 
6.2 47.00 8.0 46.80 10.0 43.90 























* Molecular weight of boron, 11.0. 


The receiver is thoroughly shaken, and the caustic solu- 
tion transferred to the absorber. The solution is neutralized, 
and the sulfur-dioxide content determined iodimetrically. 

The distillation conditions may be varied to match any 
given commercial operation. In actual practice the labora- 
tory has been found to check the sulfur-dioxide release in 
the commercial equipment within 2 percent. 


METHOD NO. 4—TO DETERMINE THE IRON 


CONTENT OF DISTILLATE 
Apparatus 
a. 250-ml. Erlenmeyer flask. 
b. 100-ml. graduate. 
c. l-ml. dropper. 


Solutions 
a. 30-percent solution of concentrated hydrochloric acid. 
b. Ferroferricyanide indicator: 
10 g. potassium ferrocyanide in one liter of distilled 
water. 
10 g. potassium ferricyanide in one liter of distilled 
water. 
c. Standard iron solutions of such concentration to cover 
probable range of iron to be found. 


Procedure 
To a sample of 90 ml. of the water condensate is added 
10 ml. of 30-percent hydrochloric acid and 1 ml. of indicator. 
The resultant color is compared with the standard iron 
solutions to determine iron content. 


Discussion 
For routine control it has been found desirable to test 





* See tabulation. 
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the condensate hourly. The iron standards may be in any 
desired units, but the use of “pounds iron loss per 24 hours” 
has proved very successful. 


METHOD NO. 5—pH OF CONDENSATE 


Although any form of electrometric or indicator method 
may be used for the routine determination of pH, and al- 
though we use the electrometric methods in the laboratory, 
we have found them too delicate and complicated for the 
average still operator. The use of a mixed or “Universal” 
indicator has proved very successful and, if used by com- 
paring with standard buffer solutions, is accurate to 0.2 pH. 

We use and recommend the BDH Universal indicator 
put out by the British Drug House, Ltd., and distributed 
by Eimer and Amend. The color reactions are: 


pH pH 

up to 4.0 red 8.0 green 
4.0 deep red 8.5 bluish green 
5.0 orange red 9.0 greenish blue 
5.5 orange 9.5 blue 
6.0 orange yellow 10.0 violet 
6.5 yellow 10.5 reddish violet 
7.0-7.5 greenish yellow 11.0 deeper violet 


0.1 ml. of indicator is used per 10 ml. of solution. 

For accurate pH determinations, particularly in artificial 
light, the color of the unknown solution should be com- 
pared with standard buffer solutions containing the same 
concentration of indicator. Clark and Lubs’’* buffer solu- 
tions have proved stable and accurate to 0.02 pH against 
a Beckman glass electrode instrument. 

In routine control the stillman is furnished with the indi- 
cator and a 10-ml. calibrated test tube in which the con- 
densate is checked hourly. Two standard buffer solutions, 
representing the minimum and maximum permissible pH 
values, are furnished in similar tubes. If the pH is outside 
the given range, the operator can tell by the color whether 
the pH is higher or lower than the range. The buffer 
colors should be checked weekly. 
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Identification and Properties of 


Straight-run and Cracked Residua 


A. H. BATCHELDER and 
H. B. WELLMAN 


Standard Oil Company of California, 
San Francisco 


HILE cracked tars may be in themselves es- 

sentially as stable as straight-run residua, 
their compatibility with cutters and thinners is usu- 
ally markedly lower. The lower tolerance of cracked 
residua is due to their content of condensation prod- 
ucts and heavy asphaltenes more easily precipitated 
by light naphtha than are the asphaltenes found in 
crude oils or straight-run residua. The poorer solu- 
bility of these heavy components is in some measure 
compensated for by the higher solvency of the 
naphtha-soluble portion of cracked as compared to 
virgin tars from the same crude. 


Wide differences in the physical and chemical 
properties of the two types of residua, and the prod- 
ucts made therefrom, have made desirable the de- 
velopment of quantitative methods of identification. 
Also, the use of cracked tars in blended fuels has 
made necessary consideration of the more important 
factors which govern sedimentation and heater-coating 
indices." 


COMPATABILITY WITH CUTTERS 


It is to be expected that the over-all solvent or pro- 
tective power of a crude oil would be the limiting 
factor governing the amount and character of the 
heaviest asphaltic constituents. Unsolvated or sus- 
pended asphaltenes would be either precipitated or 
filtered out in the passage through the producing 
formation. Precipitation and filtration might be ex- 
pected to occur when light and heavy crudes are 
mixed on the way to the bottom hole. Much the 
same considerations would govern the extent of the 
leaching out of any solid asphaltic material in oil 
sands. Thus asphalts from relatively paraffinic and 
mixed-base crudes contain little heavy asphaltenes, 
even though the total asphalt content may be high. 
The proportion of heavy asphaltenes is, as might be 
expected, usually high in the more naphthenic 
crudes, especially those low in gasoline content. The 
presence in certain California producing sands of as- 
phaltic material less easily dissolved than the 
heaviest asphaltenes in the crude, but which may be 
removed by stronger solvents, is evidence for this 
view. 

The occurrence in some heavy crudes of a fraction 
of a percent of asphaltenes similar in solubility to 
those found in grahamite, results in positive Oliensis 
spot tests on straight residual stocks. 

Removal from crude of light hydrocarbons, which 
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SSENTIAL differences in the composition and 

behavior of cracked and straight-run tars and 
asphalts made advisable the development of a 
quantitative analytical procedure for their determi- 
nation. The conventional tests and inspections are 
unsatisfactory for this purpose. Spot tests, which 
have been used to determine the presence of 
cracked residua in fuels and asphalts, are neces- 
sarily qualitative, usually hyper-sensitive, and fre- 
quently misleading because of the presence in some 
crudes of traces of asphaltenes insoluble in mineral 
spirits, 

A method which enables clear-cut differentiation 
of straight-run and cracked asphaltenes is de- 
scribed. Theoretical aspects of fuel-oil blending, with 
particular reference to the influence of straight-run 
residua upon the heater-coating indices of cracked 
fuels, are discussed and illustrated. 

This paper was presented at Eighth Mid-Year 
Meeting, American Petroleum Institute, Lassen Ho- 
tel, Wichita Kansas, May 24, 1938. 











are precipitants, enhances the inherent stability of 
the asphaltic constituents, and ordinarily more than 
compensates for slight skin cracking and the ten- 
dency of the heavier asphaltenes to agglomerate or 
condense on heating. 


SPOT AND SOLVENT TESTS 


In general, straight residual stocks, irrespective of 
origin, can be blended in all proportions with each 
other, and are safely compatible with even the most 
paraffinic cutter stocks. That stable? cracked tars 
differ from virgin stocks in this respect, only in de- 
gree, is illustrated by the photomicrographs of Fig- 
ure 1, which were taken in a set-up identical with 
that used by the Naval Boiler Laboratory. It will be 
observed that both undiluted stocks therein depicted 
contain what might be termed a trace of suspended 
or unsolvated particles. Neither stock yielded a per- 
ceptible spot when suitably cut back with a solvent 
which did not cause further separation. Definitely 
positive spot tests were obtained at the point at 
which separation of asphaltenes became perceptible. 
Under the conditions employed in the Oliensis test,? 
the straight-run residuum showed no spot, while a 
positive result was obtained in the case of the 
cracked tar. 

The Oliensis test enables the qualitative detection 
of traces of asphaltenes or carbonaceous material 
precipitated under controlled conditions by specified 
thinners. The formation of a disperse phase, as de- 
termined from the spot test, is stated to be indica- 
tive of the “heterogeneity” of the asphalt or fuel. It 
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FIGURE 1 
Photomicrographs of Cut-back Residua 


is felt that Figure 2 is evidence that positive spot 
tests may be due solely to incompatibility with a 
particular cutter. In this connection, the following 
considerations are offered: 


1. The fact that the addition of a preponderant number of di- 


luent molecules obscures any mutual solvent or protective 
action of the oils, resins, and asphaltic constituents must be 
taken into consideration in the evaluation of any solvent test. 
The presence of a disperse phase in a cut-back residuum does 
not necessarily connote a similar condition in the undiluted 
stock. This applies equally well when the diluent has much 
the same solvent power (judged by analine point, viscosity- 
gravity constant, or the like) as the oil content of the tar 
or asphalt, or is a cut derived from the same crude, inasmuch 
as the compatibility tolerance may be exceeded. 

. Spot tests are particularly disadvantageous in that even traces 
of material, which may or may not have been solvated in the 
undiluted stock, yield positive results. In the case of traces 
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D—air-blown asphalt, 22 
penetration; 169-deg.- 
F. melting point. 

E—straight residual fuel. 


FIGURE 2 
Solubilities of Cracked and Straight-run Residua 


A—severely-cracked residuum. 
B—cracked residuum. 
C—ceracked gas-oil tar. 
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of heavy asphaltic or even carbonaceous material, the state 
in which they are to be found in the tar or asphalt, and even 
their presence in a qualitative sense, are of no practical sig- 
nificance. 


. In the usual spot-testing procedure the low solvent ratio re- 


sults in poor reproducibility in borderline cases. Lowering of 
the sensitivity by increasing the solvent power of the standard 
cutter results in amelioration in some instances. A substantial 
change in solvency brings with it the possibility that negative 
results will be obtained with stocks the test is intended to 
reject. 


CLASSIFICATION OF ASPHALTIC 
CONSTITUENTS 


Despite the above-mentioned limitations, solvent 


tests may be used quantitatively to classify the types 
of asphaltic materials in straight-run and cracked 





CRACKED RESIDUA s T- Si 


N 
o 
x 








N 
N 








AB nance OF ISOPEN ANE -INSOLUBLE 
A BRANGE OF CARBON RESIDUE 


et 








Py, 








V i 
LAY 














PER CENT CARBON RESIDUA OR /SOPENTANE - INSOLUBLE 












































° s 10 is 20 ° 20 40 60 60 
PER CENT CYCLOHEXANE -INSOLUBLE PER CENT ASPHALT (80 PENETRATION) 


FIGURE 3 


Effect of Cracking on Carbon Residue and Solubility of 
As phaltenes 





281 





residua. In order to overcome the mutual solubility 
or protective action of the constituents of the residua 
under consideration, and to secure reproducibility, it 
is necessary that the solvent ratios be high. A ratio 
of 20 ml. per gram of residual stock, and the filtra- 
tion procedure outlined in the appendix to “The Sta- 
bility of Residual Fuels,”* has been found to be sat- 
isfactory. For strong solvents (carbon bisulfide, 
chloroform, carbon tetrachloride) the insoluble ma- 
terials may be recovered by filtration immediately. 
In using hydrocarbon solvents, ethyl ether, or the 
like, filtrations should not be carried out until after 
standing 10 hours or overnight. More precise results 
are obtained if the tars and fuels are first cut back 
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FIGURE 4 
Relation of Asphalt and Carbon Residues to Solvent Tests 


with as small a quantity of solvent (1 volume, for 
instance) as to result in a fluid mix, using reflux 
or a small bomb if necessary. The required amount 
of solvent may then be readily mixed with the cut- 
back stocks. In the case of asphalts or heavy tars, it 
is frequently desirable to cut back with approximate- 
ly an equal volume of straight-run gas-oil cutter. In 
most cases the effect of gas oil with its relatively 
high molecular weight can safely be neglected. 

In Figure 2 will be found the results of attempts 
to classify asphaltic constituents in straight-run and 
cracked California residua on the basis of their con- 
tent of asphaltenes insoluble in heptane-benzol mix- 
tures. It will be observed that heptane is an effective 
asphaltene precipitant, and as such cannot be used to 
differentiate between cracked and straight-run as- 
phaltenes. The mixture containing 30 percent of ben- 
zol is, however, essentially equal to benzol with re- 
spect to the virgin residua; yet it precipitates some 
of the asphaltic constituents of cracked tars. Even 
more favorable in this respect is cyclohexane. The 
difference between the cyclohexane- and benzol-in- 
soluble contents of straight-run stocks is essentially 
zero. The percent cyclohexane-insoluble (that is, 
cyclohexane-insoluble less benzol-insoluble) can, 
therefore, be used as an index of the content of as- 
phaltenes heavier than those found in straight-run 
residua. 

It will be observed, also, that a slightly stronger 
solvent may be used to differentiate normal air- 
blown from cracked or straight-run stocks. 

An interesting correlation, which corroborates the 
contention that cracking is accompanied by the for- 
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mation of cyclohexane-insoluble asphaltenes, is found 
in Figure 3. Therein is plotted the asphalt residue 
(ASTM D-243) vs. the carbon residue for California 
straight-run and cracked residua, and the cyclohex- 
ane-insoluble for cracked tars. It is significant that 
the projection of the carbon-residue curve for 
cracked tars becomes asymptotic with that of the 
virgin residua, at the point where the extrapolation 
of the cyclohexane-insoluble line reaches zero. 

In Figure 4 will be found an illustration of rela- 
tionships which may be used to determine the origin 
of the asphaltic constitutents in a blended tar or fuel. 
The presence of cyclohexane-insoluble asphaltenes 
is indicative of the presence of cracked tar. The per- 
centage of isopentane-insoluble material, or the car- 
bon residue, due to the cracked-tar component can 
be estimated from the left-hand curve. Assuming, 
then, that carbon residue or isopentane-insoluble 
above this figure is due to uncracked asphaltenes, 
the content of straight-run residuum, expressed as 
80-penetration asphalt, can be estimated from the 
curves of Figure 4 (right). 

It will be found that for given charging stocks and 
for a reasonable range of cracking conditions, the 
relation between the cyclohexane- and isopentane- 
insoluble contents is linear. The same is true also 
for the cyclohexane- and ethyl-ether-insolubles, which 
are nearly equal for most cracked tars. 

Further information as to the form in which cut- 
ters or residual components were added may be ob- 
tained by analysis and comparison of characteriza- 
tion data on overhead stocks. 


BLENDING RELATIONSHIPS 


Stable cracked residual fuels with satisfactory 
heater-coating indices are in almost all cases mu- 
tually compatible. Ordinarily the log of the heater- 
coating index is the weighted average of the logs of 
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FIGURE 5 


Effect of Addition of Cut-back or Straight Residual Fuels 
from California Crude to Cracked Fuel 


the heater-coating indices of the component fuels, so 
that the heater-coating index of a blend may be ex- 
pected to be equal to or less than the calculated 
arithmetic average. 

Cutter stocks tend to lower the stability of resid- 
ual tars, the effect being most pronounced with 
cracked tars, but usually of little moment in the case 
of virgin residua. Addition of straight-run asphalts 
to cracked fuels greatly increase their stability, the 

(Continued on Page 312) 
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The Catalytic Hydrogenation 


of Octenes 


to Octanes 


A Contribution by the Combined Staffs of Shell Development Company and 
Shell Chemical Company, San Francisco, California. 


HE benefits to be derived from the use of high- 

octane fuels in airplane engines, particularly in 
those of recent design which operate most efficiently 
with fuel of a knock rating of 100 on the isooctane- 
heptane scale, are quite pronounced. Whether they 
find expression mainly in improved fuel economy, in 
greater load-carrying capacity, greater speed, longer 
cruising range, or any combination of these and other 
advantages, the increased value of such fuels as com- 
pared with recent standards, is very much in evi- 
dence.* 100-octane fuel might perhaps be prepared by 
the addition of large quantities of tetraethyl lead to 
selected straight-run gasolines; but lead in such 
proportions would far exceed the present specifica- 
tions laid down by engine manufacturers, and would 
lead to objectionable corrosive effects and deposits 
in the engines. Oxygen-containing compounds can 
be manufactured which supply an _ octane-number 
increase and thereby decrease lead usage; but these 
compounds are at a disadvantage, compared with 
hydrocarbons, because of both their lower calorific 
value per unit of weight and their greater miscibility 
with water—the latter causing well-known practical 
difficulties. A more satisfactory fuel is one containing 
high-octane hydrocarbons, such as isooctane. The 
search for a satisfactory gasoline of high anti-knock 
value, containing an optimum amount of lead and 
having a high calorific value, has been carried on 
intensively, and has led to the development by the 
Shell Companies of a practical commercial process 
for the production of octanes of 98-100 octane num- 
ber, by direct hydrogenation of an octene mixture 
prepared by butylene polymerization. 

A method for the production of the octene mixture 
has been described by McAllister.2 The hydrogena- 
tion process developed is particularly applicable to 
the conversion of this octene mixture, although it 
is suited also to other feeds, such as diisobutylene 
and tritsobutylene. The hydrogenation process op- 
erates in the vapor phase, and is distinctive in that 
it employs low pressures (between 1 and 4 atmos- 
pheres, [392°F.] gage) and a temperature normally 
below 200°C. These mild conditions of temperature 
and pressure are applicable as a result of developing 
a suitable active nickel catalyst which will hydro- 
genate octene vapors as they are passed over it with 
the consumption of only a small stoichiometric ex- 
cess of hydrogen. 

The practicability of the process developed is 
shown by the fact that since 1935 the Shell Com- 
panies in the United States have produced more 
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A CATALYTIC hydrogenation process has been 
developed by the Shell Companies which is simple, 
economical, and particularly adapted to the hydro- 
genation of octenes produced by polymerization of 
butylenes. The process operates at low pressure 
(below 4 atmospheres, gage) and at a temperature 
not exceeding 200° C. [392° F.]. 

The process effects substantially complete hydro- 
genation, and produces thereby high-octane fuels 
low in acid-heat number and ideally suited for the 
manufacture of high-octane aviation gasoline. 

This paper was presented at Eighth Mid-Year 
Meeting, American Petroleum Institute, Lassen 


Hotel, Wichita, Kansas, May 24, 1938. 











than 10,000,00 gallons of octanes (of 98-100 octane 
number) using this process. 


APPLICATION OF PROCESS 


From thermodynamic data, the conversion of oc- 
tenes to octanes may be accomplished completely 
and readily by passing a mixture of octene and hy- 
drogen over a suitable catalyst at atmospheric pres- 
sure and temperature. Parks and Todd* have dis- 
cussed the thermodynamics of the reaction produc- 
ing 2,2,4-trimethyl pentane from diisobutylene: 


CsHis (liquid) + Hz — CsHis (liquid), 


and have chosen the following values for the heat of 
reaction and the free energy change: 


A F° 2s = —20,280 cal. per g.-mol. 
AH ° 23 = —28,470 cal. per g.-mol 


The relation of temperature to the free energy of this 
reaction is equated as follows (assuming a linear 
relationship) : 


A F°= —28,470 + 25.7T. 


For the production of gaseous isooctane, the relation 
is: 

A F°= —28,570 + 27.6T, 
which shows that the vapor reaction is thermody- 
namically feasible at temperatures below about 750° 


C. [1372°F.]. At temperatures in the region of 200°C. 
[392°F.] it is highly exothermic, and the free energy 
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change is decidedly negative. Therefore, in the pres- 
ence of a suitable catalyst the reaction is highly com- 
plete at low pressure, a high partial pressure of hy- 
drogen being unnecessary to effect complete hydro- 
genation of an octene feed. 


While thermodynamic values for the conversion of 
octenes other than diisobutylene would not be equal to 
those values shown, the order of magnitude would be 
the same, and the general conclusions stated will hold 
for the other octenes as well. 


Although the process developed is applicable to the 
hydrogenation of various olefinic materials, it has been 
utilized most extensively for the hydrogenation of a 
mixture of octenes prepared by sulfuric-acid polymeri- 
zation of butylenes. The octene mixture is the result of 
interpolymerization of isobutylene and normal buty- 
lenes, and consists of several isomers, among which are 
2,2,4-trimethyl pentenes 1 and 2. (This octene mixture 
yields a hydrogenated product which needs no addi- 
tional treatment prior to blending into fuels.) In spite 
of the co-polymerization of normal butylenes, which 
enhances the octene yield, the octanes produced there- 
from are only 1 to 2 octane numbers lower than pure 
2,2,4-trimethyl pentane, and possess blending octane 
numbers practically equivalent thereto. 

Concerning the applications of this process to the 
hydrogenation of other olefins, the production of 1so- 
dodecane from triisobutylene has been carried out on a 
large scale. The equipment and operating conditions are 
identical with those required for octane manufacture, 
except that a converter temperature increase to 250°C. 
[482°F.] and an increased hydrogen-olefin mol ratio 
in the converters have been found to be most practical. 


TEMPERATURE AND PRESSURE 


The choice of operating pressure and temperature 
was made after extended investigation; a temperature 
of 180-190° C. [356-374° F.] and a gage pressure of 
1 to 4 atmospheres have been found to be most practical. 
At operating temperatures substantially below 180° C. 
[356° F.], the rate of reaction is low, and the presence 
of small amounts of carbon monoxide in the hydrogen 
feed produces de-activation of the nickel catalyst 
through the formation of nickel carbonyl. Increasing 
temperature encourages thermal decomposition of the 
octene-fraction components, with a resulting decreased 
yield of octane and increased consumption of hydrogen. 
The increased consumption of hydrogen results from the 
hydrogenation of lower-boiling olefins produced in the 
decomposition, although the decomposition may result in 
higher-boiling olefins as well. Further, thermal decom- 
position normally produces some free carbon as well, 
which deposits on the catalytic surfaces and renders 
them inactive. 

The pressure applied to the system is only that suffi- 
cient to maintain good plant control. The use of high 
pressures is not desirable, particularly with highly- 
active catalysts, inasmuch as the effect is to compress 
the reaction into a smaller volume of catalyst, with 
resultant overheating and consequent deterioration of 
the active surfaces. 


THE CATALYST 


The catalyst developed consists of activated nickel 
supported on porcelain. The unformed catalyst is a 
hydrated nickel nitrate impregnated in porcelain. The 
nitrate is decomposed to nickel oxide, and then reduced 
to metallic nickel in a stream of hydrogen. Hydrogen 
may be conserved by supplying air until decomposition 
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is complete, and introducing hydrogen for reduction 
only; but the use of hydrogen throughout enhances 
slightly the activity of the catalyst. After formation, 
the catalyst is maintained in a hydrogen atmosphere 
when not in service. Contact with air results in rapid 
oxidation and consequent loss of activity. 


The activated nickel catalyst is susceptible to poison- 
ing, particularly by sulfur. While carbon monoxide and 
oxygen produce temporary loss of activity, which can 
be restored by reactivation in place, sulfur produces 
permanent loss of activity. It is desirable, therefore, 
to maintain the sulfur content of the octene feed at 
a minimum. This can be accomplished by proper treat- 
ment of butylenes prior to polymerization. The catalyst 
mass effects substantially complete removal of all sulfur 
which is contained in the octene feed, producing octanes 
containing 0.0001 percent by weight of sulfur; and 
even after a catalyst loses its ability to promote hydro- 
genation, it still retains an affinity for sulfur. This 
retention of ability to remove sulfur is useful, inas- 
much as a catalyst no longer able to effect hydrogena- 
tion can be used for pre-treating the octene feed in 
order to reduce its sulfur content before contact with 
the active catalyst. Proper treatment of butylenes before 
polymerization reduces the sulfur content of the octene 
feed to blow 0.002 percent by weight, and a pre-treat- 
ment with a spent catalyst reduces this figure on the 
average to 0.0005 percent or less. An octene feed treated 
in this manner then contains only enough sulfur to 
produce slow de-activation of catalyst. In the plant op- 
eration described hereinafter, 1000 gallons of finished 
isooctane are produced per pound of nickel charged to 
the catalyst chambers. 


HYDROGEN SUPPLY AND UTILIZATION 


The source of hydrogen for plant-scale operation is 
not of particular importance, provided the supply does 
not contain compounds injurious to the catalyst. Sulfur 
compounds normally associated with hydrogen gas are 
easily removed by simple treatment of the gas stream. 
In the experimental work leading to the development of 
this process both electrolytic hydrogen and mixtures of 
hydrogen and nitrogen containing about 75 percent hy- 
drogen were used. Convenient sources of hydrogen are, 
for instance, the pyrolysis of natural gas and the dis- 
sociation of ammonia. A process for the production of 
cheap hydrogen, free of impurities which poison nickel 
catalysts, has been developed recently by the Shell 
Chemical Company. This gas contains 85 percent hydro- 
gen, with only methane and nitrogen as impurities. Both 
methane and nitrogen are inert, and their presence in 
this amount is not objectionable in the process. 

Although excess hydrogen is not imperative in pro- 
ducing a high degree of hydrogenation, when using 
single-stage operation a 10- to 15-percent excess is de- 
sirable in order to increase the rate of conversion and 
decrease the volume of catalyst necessary to produce a 
unit volume of isooctane. It has been found practical 
to conserve hydrogen either by means of a two-stage 
countercurrent flow system or by direct re-cycling of 
residue gas through a single-stage converter. When the 
supply of hydrogen is limited and its cost is an impor- 
tant item in the total cost of operation, a two-stage 
counterflow system is more economical. In a two-stage 
system the octene feed to the first converter is mixed 
with vent hydrogen from a second reactor, the second 
reactor receiving fresh hydrogen together with partially- 
converted octenes from the first reactor as feed. Vapor 
from the second converter is cooled to permit condensa- 
tion of octanes. With a two-stage countercurrent system 
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a hydrogen utilization of 95 percent is readily obtained. 
A simpler arrangement has been developed for use if a 
hydrogen utilization efficiency of 85-90 percent is per- 
missible. In this system a 10- to 15-percent excess of 
hydrogen is introduced with the octene vapor to a single- 
stage converter ; the excess gas is compressed to remove 
isooctane; and 50-80 percent of the residual gas is re- 
cycled in order to increase the hydrogen-octene mol 
ratio in the reactors. In one instance of actual plant- 
scale practice, 80 percent of the residual gas volume is 
re-cycled; and under equilibrium conditions with about 
12 percent theoretical excess of fresh hydrogen added, 
the re-cycle gas contains 80 percent mol hydrogen. The 
re-cycle increases the hydrogen-octene mol ratio in the 
converters from 1.12 to 1.37 in this instance. The re- 
cycling operation effects a hydrogen saving of 5-10 
percent in this plant operation. 


SINGLE-STAGE VS. COUNTERFLOW SYSTEM 


To show the advantage of a two-stage system in con- 
serving hydrogen, data from two comparable laboratory 
experiments with single- and two-stage operation are 
shown in Table 1. (While plant-scale operation effects 
greater hydrogen utilization than in laboratory tests, 
the comparison of laboratory data is indicative. ) 


CATALYST REACTIVATION AND REGENERATION 


The presence of small amounts of sulfur in the octene 
feed, together with octane decomposition and carbon 
deposition which accompanies the conversion, would 
necessitate frequent replacement of the catalyst. How- 
ever, a method of reactivation has been developed which 
markedly increases catalyst life. When a catalyst de- 
creases in activity to a certain point, as measured by 
the throughput capacity of a given volume of catalyst, 
reactivation in place is practiced. The catalyst bed is 
purged of hydrogen, and air then is introduced for 
from 4 to 12 hours, depending upon the condition and 
the quantity of catalyst. The oxidized catalyst again is 
reduced with hydrogen. Although the initial activity 
of the catalyst is not completely restored, applying the 
reactifying operation two to four times increases the 
life of a charge of catalyst by at least 150 percent. The 
activity declines slowly after each reactivation, however, 
and ultimately the catalyst charge is removed from the 
converters, and regenerated. 


TABLE 1 


Comparison of Hydrogen-Utilization Efficiency Single- 
Stage Vs. Countercurrent-Flow Operation 


Experiment No. 1—Single-stage, 100-ml. catalyst (no gas re-cycle). 
Experiment No. 2—Two-stage, 100-ml. catalyst in each stage (no gas re-cycle). 
Olefin feed—diisobutylene. 

Hydrogen feed—gas containing 75 percent by volume of hydrogen and 25 per- 
cent by volume of nitrogen. 











Experiment No. 
1 2 
Total liquid feed volume, liters.......... 10.7 10.5 
Total liquid product volume, liters....... 10.5 10.3 
Unsaturation of. product, percent by 
eee ee eee 1.0 1.0 
Product yield, percent by volume of feed. 98 98 
Hydrogen feed, liters as pure hydrogen...| 2,300 1,600 
Mol ratio of hydrogen to diisobutylene in 
Re Se See ere ere ner 1.5 1.06 
Utilization of hydrogen, percent......... 67 
Analysis of residual gas after condensation 
of octanes: 
nH2n SScerccctesrcebhecvivosseeeooeve 0.0 0.5 
EE EE EOP Cam, SPR MET ON 44.3 12.3 
Cs sia 6-g inet Cun teak ee ase ee 7.6 (n=3.8) 6.3 (n=2.7) 
Wee eal td cate oS ardtamgte ke Ke. id we 48.1 80.9 
Volume of residual gas, liters.......... 1,600 660 
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EQUIPMENT FOR PLANT-SCALE OPERATION 


The equipment required for plant-scale operation of 
the hydrogenation process is shown in Figures 1, 2, and 
3. These figures are skeleton flow diagrams which show 
only the major pieces of apparatus. 

The principal problem in the design of the catalytic 
converters is that of heat removal. The heat of reac- 
tion, according to Parks and Todd’, is about 450 B.t.u. 
per pound. In order to facilitate rapid heat transfer, the 
catalyst is contained in 3-inch diameter vertical tubes, 
arranged in bundles by rolling the tubes into end plates, 
with circulating hot fluid maintained around the tubes. 
The circulating hot fluid is carried at the desired reactor 
temperature, and is led from the reactors through a 
cooler, with a controlled by-pass—maintaining thereby 
a constant temperature on the hot fluid to the con- 
verters. For catalyst formation and reactivation, which 
are carried out at higher temperatures, a separate hot- 
fluid circulating system supplied with a furnace is used. 
Where several converters are in use, it is possible there- 
by to retain some in service while others are being 
subjected to catalyst formation or treatment. 


Heat to the hydrogen heater and octene vaporizer 
is supplied directly by means of hot fluid. The hydrogen 
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Single-Stage System 


and octene vapors are supplied to the converters at a 
temperature of not above 200°C. [392°F.]. 


It is apparent that some heat exchange can be effected 
within the system, the extent of this exchange being 
determined by the economics of heat supply. With a 
single-stage converter the one simple heat exchange 
is that between the converted gas stream and octenes 
being fed to the vaporizer. Two heat exchanges are 
available in a countercurrent system, one on each 
converter. 

Deterioration of equipment due to corrosion is neg- 
ligible. Due to the low temperatures and pressures 
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employed, no special alloys or materials are necessary The use of catalyst guard tubes is advantageous for 
in the major pieces of equipment. No parts of the equip- sulfur removal and, consequently, catalyst conservation ; 
ment suffer an abnormal rate of wear or deterioration. but normally the guard catalysts are not effective in 
promoting hydrogenation themselves. The total feed 

hydrogen can be introduced into the octene vapors prior 

OPERATION OF PLANT-SCALE PROCESS to passing through the guard tubes, but the large amount 

The operation and control of the hydrogenation sys- of hydrogen is not necessary in effecting sulfur removal. 
tem are simple. The primary point of control is the Therefore, the major portion of the feed hydrogen 
unsaturation of the finished product, as determined by may be introduced following the guard tube, thereby 
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FIGURE 4 
Catalytic Hydrogenation Plant, Shell Oil Company, Dominguez, Calif. 
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FIGURE 5 
Catalytic Hydrogenation Plant, Shell Oil Company, Dominguez, Calif. 


in the guard tube chamber. As a rough guide, one vol- 
ume of guard catalyst is sufficient for two volumes of 
active catalyst. 

A feature which has been incorporated in some plants 
is the inclusion of a catalyst tube for hydrogen feed 
to convert traces of carbon monoxide to methane and 
water. This hydrogen guard tube eliminates the pos- 
sibility of nickel-carbonyl formation on cold spots in 
the catalyst bed. However, this added precaution is not 
necessary in most cases. The presence of water vapor 
is not injurious to the active nickel catalyst. (Normallv 


steam is used for purging the system of either air or 
hydrogen. ) 

At the Wilmington, California, refinery of Shell Oil 
Company a hydrogenation plant has been in operation 
for 22 months. During this period the yield of finished 
octanes has averaged 103.1 percent by volume of the 
octene feed. (The theoretical yield of 2,2,4-trimethyl 
pentane is 105.5 percent by volume of diisobutylene 
charged.) A conversion of 99 percent is easily attained, 
although values higher than this necessitate slightly in- 
creased apparatus sizes. The Wilmington plant, a single- 


FIGURE 6 
Catalytic Hydrogenation Plant, Shell Oil Company, Dominguez, Calif. 
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TABLE 2 
Properties of Octane 
Octane from 
Mixed Octene Technical 
Fraction Isooctane 

ES a's 6 day sewed winalh on) ese 66.3 70.9 
a Re i dF aia 30+ 30+ 
Reid vapor pressure, Ib................. 2.6 2.1 
Unsaturation, percent by weight......... Yl 1.8 
Copper-dish gum, mg. per 100 ml........ 1 1 
Accelerated gum, mg. per 100 ml........ 1 1 
Sad errr 26 23 
ere 7 3 
Sulfur (nephelometric), percent by weight 0.0001 0.001 
I EI sg og nn cn oe eece tue 98.2 99.7 
ASTM Distillation, ° F. 

Initial boiling point.................. 196 205 
ee en cue sles oghs ees 236 235 

So. ss 5 ct ku eee eh 9.0 ble 221 210 

ee Sere 225 210 

Ns ss wh dia eelewee aotet 227 212 

sea gn awies fenecees 230 214 

I a ois G0. a's 0 80.0 wryieneéiecd 231 215 

Ee eo ac a big Se dilregne we 233 216 
Distilled, percent by volume............ 99 99 
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stage system, has obtained 86-89 percent utilization of 
hydrogen while producing 99 percent saturated product. 
Other plans using two-stage countercurrent flow have 
realized 95 percent hydrogen utilization. Using catalyst 
guard tubes in series with the converters, the life of a 
catalyst is 1000 gallons of finished product per pound 
of nickel in the catalyst bed. With a catalyst recovery 
plant the cost of catalyst is not that of replacement 
but, instead, only for reprocessing the spent catalyst. 
The figure of 1000 gallons per pound of nickel is at- 
tained with an average of three reactivations with air 
carried on in situ. 


Shell Process 


PROPERTIES OF FINISHED OCTANE 


Some average properties of finished octane prepared 
by hydrogenation of a mixed octene fraction are shown 
in Table 2, and for comparison the properties of tech- 
nical isooctane are given also. (Small variations in 
gravity, distilaltion, octane number, etc., of octane will 
result from changes in operation of the plant producing 
butylene polymers. ) 


PATENTS 


General features of the Shell process as described 
are covered by patents and patent applications in the 
United States and abroad. 


CONCLUSION 


A catalytic hydrogenation process has been developed 
by the Shell Companies which is simple, economical, 
and particularly adapted to the hydrogenation of octenes 
produced by polymerization of butylenes. The process 
operates at low pressure (below 4 atmospheres, gage) 
and at a temperature not exceeding 200° C. [392°F.]. 

The process effects substantially complete hydrogena- 
tion, and produces thereby high-octane fuels low in 
acid-heat number and ideally suited for the manufacture 
of high-octane aviation gasoline. 
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vantage in many locations where steam is not avail- 
able, or where an inexpensive fuel makes this type of 
regeneration more economical. 

9. It is a self-operating process requiring a mini- 
mum of regulation and control tests. 

10. Tripotassium phosphate is a very stable salt, 
and does not break down or decompose through 
complex side reactions in this service. 

11. The plant is simple to construct, and requires 
a minimum amount of equipment—all of which is 
standard. 

12. The maintenance cost is low. 
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FIGURE 5 
Equilibrium Pressure of Hydrogen Sulfide Over 
20 Percent Tripotassium-Phosphate Solution. 


PATENTS 
The process is covered by U. S. Patents 1,945,163 
and 2,110,403, assigned to the Shell Development 
Company. Other patents are pending. 


COMMERCIAL INSTALLATIONS 
At present (March, 1938) installations are operat- 
ing in the Martinez and Dominguez refineries of Shell 
Oil Company, the East Chicago refinery of Shell 
Petroleum Corporation, and the Norwalk refinery of 
the Wilshire Oil Company. Another plant is under 
construction at the Watson refinery of Richfield 


Oil Company, 
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FIGURE 6 
Equilibrium Pressure of Hydrogen Sulfide Over 
50 Percent Tripotassium-Phosphate Solution. 
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Application of 





Baileys Theory to Tube- 


Stress Calculations 


Cc. 0. RHYS 
Standard Oil Development Company 
Elizabeth, New Jersey 


UBES and hollow cylinders in refinery equipment 

are subjected to stresses set up by heat trans- 

fer and pressure. Up to about a year ago the Standard 

Oil Development Company’s procedure for determin- 

ing such stresses was based on the theory of Lorenz? 

for temperature stresses, and the well-known Lame 
thick-cylinder formula for pressure stresses. 

The Lorenz theory applies to stresses in a tube of 
elastic material, and of uniform strength throughout 
the wall, subjected to heat transfer. These conditions 
are realized only for moderate metal temperatures, 
where there is considerable elasticity, little change in 
strength due to the temperature drop, and negligible 
stress relief due to the very slow creep rate. For high 
metal temperatures, however, which are accompanied 





HIS paper discusses the applicability to refinery 
tube-stress calculations of Bailey’s theory of 
metal subjected to creep. The frequent fallacy of 
temperature-stress calculations based on the as- 
sumption of elastic material is discussed; and the 
effect of heat input on a tube, subjected to internal 
pressure and undergoing creep, is explained. For- 
mulas and charts for use in practical calculation are 
given. Derivations, data, and illustrative numerical 
examples appear in the appendix. 
Presented at Eighth Mid-Year Meeting, American 
Petroleum Institute, Lassen Hotel, Wichita, Kansas, 
May 25, 1938. 
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by little elasticity,.considerable change in strength for 
a small temperature drop, and a high creep rate, the 
Lorenz theory is unsuitable, while that of R. W. 
Bailey? applies. 


ELASTIC TEMPERATURE STRESSES—EFFECT 
OF DUCTILITY 


For the conditions specified, the temperature 
stresses as calculated by the Lorenz theory, un- 
doubtedly exist. In materials like cast iron and glass, 
which are elastic up to the breaking point, they 
cause fracture—as in the cases of unequal cooling in 
castings and boiling water poured into glass vessels. 
In a material such as steel, however, with a consid- 
erable range of ductility preceding the breaking 
point, temperature stresses, within this range, dis- 
appear as soon as the plastic deformation due to 
thermal expansion has taken place. A deformation in 
the ductile stage sufficient to cause rupture would 
require a heat input far beyond what is likely to 
exist in refinery practice. This is illustrated by heat 
inputs of 100,000 B.t.u. per square foot per hour and 
higher, which commonly occur in the steel tubes of 
boilers, and is also borne out by data from a number 
of tubes tested to destruction by the Standard Oil 
Development Company. In every case the stress, as 
calculated by Bailey’s theory, for the heat input and 
bursting pressure was extremely close to the break- 
ing stress of the material at the test temperature. 
Had the stresses, as calculated on the elastic basis, 
actually been in existence, the bursting pressures 
would have been from 20 to 50 percent less than they 
actually were. 

From the above it might seem that, in tube calcu- 
lations, only the stresses due to pressure need be can- 
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sidered, and in boiler design—with temperatures 
from 600 to 700°F.—this is actually done. In this 
temperature range the elastic characteristics predom- 
inate, and the creep rate is negligible. Even such a 
low creep rate as 0.1 percent per 100,000 hours cor- 
responds with a stress which is above the elastic 
limit ; and, therefore, creep cannot well be used as a 
basis for the working stress. Tubes are proportioned 
by the thick-cylinder formula (or its equivalent), 
and the working stress is some fraction—roughly 
about a third—of the elastic limit. Designed on this 
general basis, tubes are found to withstand satisfac- 
torily the effects of very high heat inputs. 


APPLICABILITY OF BAILEY’S THEORY 


In refinery equipment, particularly in cracking- 
coil work, where the temperature range is from 900 
to 1,200°F., high creep rates exist even at low 
stresses. The consequent creep relief reduces to neg- 
ligible amounts any temperature stresses which 
may occur. Changes in metal temperature due to 
heat transfer, however, are accompanied by corres- 
ponding variations in metal strength, creep rate, and 
pressure stress through the tube wall. These factors, 
which are not taken into account in the Lorenz-Lame 
theories are of great importance in the 900- to 
1,200°F. temperature range. They are included in 
the theory developed by Bailey. 

In general furnace work, the tube thickness re; 
quired for the high metal temperature will govern 
design; in fact, for most practical cases, the tube 
found for the high-temperature end of the furnace 
will be about right for the low-temperature end. 
This can be seen from the following calculation, 
which represents about an average case: 

Consider a coil outlet tube, 4 inches in outside 
diameter, with a heat input of 10,000 B.t.u. per foot 
of length per hour, and a pressure of 1,000 pounds 
per square inch; allowable metal temperature, 1,100° 
F. From Figure 1,* the temperature drop is 26 de- 
grees. From the formula on the chart, K, the ratio 
of outside diameter to inside diameter is found to be: 


By means of Figure 2,* the maximum stress in this 
tube equals 
1,000 


0.37 + 0.87 





or 3,200 pounds per square inch at the inside wall, 
corresponding with a creep rate of 0.1 percent per 
100,000 hours. 

Next suppose that, at the entrance to the radiant 
section, the metal temperature is 875°F. Here the 
creep stress and the elastic limit are both about 
12,500 pounds per square inch. Take the pressure 
as 1,200 pounds per square inch. Then, by the thick- 
cylinder formula, the stress due to pressure is 


1,200 + 2.87 
2.37 + 0.37 
which equals 3,900 pounds per square inch, or 
about a third of the elastic limit. Supposing all 


the conditions to be right for the continued existence 
of elastic temperature stresses (perfect elasticity, no 
creep relief, etc.) a heat input of 25,000 to 30,000 


*See stress calculations given in detail in the appendix. 
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B.t.u. per square foot per hour would be required 
before the ductile stage was reached—and it is 
doubtful if at 875° the necessary conditions are even 
approximated. 


MATERIAL,4-6 PER CENT -MOLY BOENUM STEEL 
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FIGURE 1 


The above is given as an illustration that a tube 
determined by Bailey’s theory for the high-temper- 
ature region of a furnace is generally safe for other 
locations. 


BAILEY’S THEORY 


The theory presented by R. W. Bailey in his paper 
“The Utilization of Creep-Stress Data in Engineer- 
ing Design,” read before the Institution of Mechan- 
ical Engineers, London, November 1935, includes 
the case of a tube undergoing creep and subjected 
to heat input and internal pressure. As shown later, 
in the appendix, there can be derived from this the for- 
mula: 





2 f’ 
Ke? a nn ccc cence cc cccccccccs (a) 
P 
{’ — 
AN’ 


which gives the relationship between stress, pres- 
sure, heat input, and tube proportions. 
Where: 
A=a constant depending on the material. 
f’—working stress, determined by allowable creep 
rate and metal temperature. 
outside diameter 





K=ratio —— - 
inside diameter 
N’=a quantity found from the heat input (see ap- 
pendix). 

P=internal pressure. 
From this formula it can be seen that the quantities 
described as important in the preceding section— 
heat transfer, metal temperature, creep rate—enter 
into the formula for designing the tube. 

It will be observed that the modulus of Poisson’s 
elasticity and Poisson’s ratio do not appear in the 
formula. These quantities do occur in temperature- 
stress calculations which are based on the assump- 
tion of an elastic material. Their absence removes 
a source of error, as they are very difficult to de- 
termine accurately for tube metals, especially at high 
temperatures. 

By means of the formulas and charts given in the 
appendix, the proper thickness of tube wall can be 
determined in a simple and.direct manner, without 
having to resort to cut-and-try methods. Examples 
are given which illustrate the procedure. The time 
saved in calculation by the avoidance of trial-and- 
error methods, inseparable from the use of the Lo- 
renz-Lame formulas, has been noteworthy. 
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SUMMARY 


The general purport of this paper is to show the 
compatibility of R. W. Bailey’s theory of creep 
stresses with the general operating conditions of 
tubes in refinery equipment. 
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FIGURE 2 


In the introduction it is pointed out that, before 
the advent of Bailey’s theory, a method of calcula- 
tion, based on the combined work of Lorenz and 
Lame, was used. This method applies only to condi- 
tions which do not include the cases of high metal 
temperature and high creep rate occurring in crack- 
ing-coil work. For such cases the method of Bailey, 
based on creep phenomena, is much more suitable. 

Elastic temperature stresses are then discussed. It 
is explained that they cause fracture only in mate- 
rials which are elastic up to the breaking point—like 
glass and cast iron. Where there is a considerable 
range of ductility—as in most tube material—it is 
practically impossible for rupture to occur due to 
temperature stress. Reference in support of this is 
made to current boiler practice and to destruction 
tests carried out by the Standard Oil Development 
Company. Why, in spite of this, furnace tubes can- 
not be designed on a basis of pressure stress only is 
explained by considering the effect of heat transfer 
on pressure-stress distribution and metal-strength 
variation through the tube wall. A numerical ex- 
ample is given, showing that high-metal-temperature 
conditions govern tube design. 

The form of equation most suitable for tube-stress 
calculations is next presented. The factors most im- 
portant in high-temperature metal subjected to heat 
input and internal pressure enter into it. As it is de- 
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rived on a basis of creep and not elasticity, Young’s 
modulus and Poisson’s ratio are not included. This 
removes a source,of error, as these quantities are 
very difficult to determine for hot metal. The equa- 
tion is of such a form that, for a known working 
stress, the tube proportions can be found directly 
without any cut-and-try methods. This saves a con- 
siderable amount of time in determining tube sizes. 

The appendix contains the derivation of formulas, 
illustrative charts, with data for their preparation, 
and numerical examples showing the use of the for- 
mulas and curves. 


APPENDIX 


The paper, “Utilization of Creep-Stress Data in 
Engineering Design,” R. W. Bailey, read at the In- 
stitution of Mechanical Engineers, London, No- 
vember 22, 1935, gives a very full treatment of the 
relationship between stress and creep rate. Applica- 
tions to important engineering parts are dealt with, 
including the case of thick tubes subjected to in- 
ternal pressure and heat input. 

In this paper, sets of curves are given for the 
ratios : 


outside diameter 
inside diameter 


Mean hoop stress ( f 
Inside hoop stress\ f’ 








’ 


together with full instructions and examples for cal- 
culating tube proportions (see below). 

These sets of curves are computed from the equa- 
tion appearing on page 38 of the above paper and 
fully derived in Appendix V, page 116, of the paper. 
With the numerical values inserted the equation 
becomes: 


f AN’ (K*’—1) 











a (1) 
Y ne: 
K*’ (K—1) 
12 
For KA2S A=0.555 N’= 
H 
1 
2,820 
6 
For chrome-molybdenum steel A=0.6 N’= 
H 
Ss liesiiaiads 
4,320 
6 
For steel A=0.6 N’= 
1+ 
5,900 
12 
For NCT3 A=0.555 N’= 
H 
1+ 





2,000 


H=heat input in B.t.u. per foot of length per hour. 
Equation (1) is illustrated by the curves in Fig. 2, which 


are plotted for the ratio — against K for different values 
, 


of the heat input H. Values of AN’ and — are also given, 
N? 


which are of assistance in using equations (2) and (3). 


As Figures 1 and 2 appear to a small scale, it is advisable to 
re-plot them to a convenient size for practical work. Fig. 
1 and 2, as presented, are for 4-6 percent chrome-molyb- 
denum steel. Data for plotting such curves for this and 
other materials accompany equation (1). 
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The mean hoop stress f is the pressure multiplied by the 
internal radius and divided by the thickness, or: 








Pr’ 
{= 
r°—r’ 
P * 
= , where K=—. 
K—1 r? 
Substituting this for f in equation (1) : 
2 
PK’ 
f=... .. .. ce eee (2) 





2 
AN’ (K*’—1) 
By transposing equation (2) : 
2 f’ 


PP ee 8 A (3) 
Pee 





AN’ 


This is equation (a) appearing previously in this paper. The 
temperature drop through the tube wall is given by the 
equation: 

6H 


T — T”"= —-« log. K ............64.. (4) 
7k 


Where TJ and 7” are the outside and inside metal temper- 
atures in deg. F., and k is the conductivity of the metal in 
B.t.u. per sq. ft. per deg. F. per hour per inch of thickness. 
Substituting in equation (4) from equation (3), there re- 
sults: 








3HN’ g 
T—T*= - log. ————_ ........ .. 2s ss (5) 
Tk Pp 
f/— 


Tr 


This is the equation from which the curves in Fig. 1 are 
plotted. k is determined by the material—being 150 for 
KA2S, 230 for chrome-molybdenum steel, and 310 for steel. 
For A and N’ see values under equation (1). 

A set of values of 7” is taken in the required tempera- 
ture range. Corresponding values of f’, equal to the allow- 
able working stress, are known from existing creep-stress 
data (see curve in upper part of Fig. 2). 

Values of 7—T7” are then calculated from equation (5). These 
added to the values of T” give values of 7, so that a curve for 
T. and T—T” can be plotted. 

The formula in Fig. 1 is equation (4) with the value of k 
for the 4-6 percent chrome-molybdenum steel incorporated. 


TUBE-STRESS CALCULATIONS BY BAILEY’S 
THEORY 


The relations between hoop stress, pressure, heat 
input, and tube proportions are expressed by the 
equation : 

el 
ha — ee (a) 
P 
{7 — 





AN’ 


A=a constant depending on the material. It is 0.6 for 
chrome-molybdenum steel and for steel, and 
0.555 for KA2S. 

f’=The safe working hoop stress at the tube bore, 
taken as the stress accompanying a creep rate 
of 0.1 percent per 100,000 hours. This depends on 
the inside wall temperature. A curve of f’ for 
4-6 percent chrome-molybdenum steel is given in 
Fig. 2. 

outside diameter 
K=ratio 





inside diameter 


N’=a quantity depending on the heat input H. 
2 

Values of AN’ and—are given in Fig. 2. 
yr 


H=heat input in B.t.u. per foot of tube length per 
hour. 





























































When the metal temperature at the inside wall, the heat 
input, and the internal pressure are known, the ratio K 
can readily be calculated from equation (a). As an ex- 
ample, take 1,045 deg. F., 20,000 B.t.u. per foot per hour 
and 1,200 lb. per sq. in. Taking the required quantities 
from Fig. 2: 


4,600 
1,200 


K?:* — 








4,600 — 
K=1.32. 


From the formula for the relations between H, K, and 
the temperature drop given in Fig. 1 the drop through the 
wall is found to be: 


H ° log. K 
Temp. drop= —————— 
120 
20,000 - log. 1.32 
= =47 deg.; 
120 





so that the outside wall temperature is 1,045+47=1,092 deg. 

Supposing the outside temperature had been known as 
1,100 deg., instead of the inside temperature, and it had 
been required to design a tube for the other conditions. 
f’ cannot be found until the inside wall temperature is 
known, and to find this requires K. For this purpose the 
curves in Fig. 1 can be used. Drop through the tube wall 
is plotted against outside wall temperature for different 
values of H. All the curves are based on an internal pres- 
sure of 1,000 lb. per sq. in., but for other pressures the 
drops will be very nearly in proportion. 

In the present example, H=20,000, and outside metal 
temperature=1,100 deg. The drop through the wall is 
found to be 42 deg. at 1,000 lb. per sq. in. At 1,200 Ib. 


42 + 1,200 
per sq. in. it will be —————— =50 deg. Using the for- 
1,000 
mula accompanying the curves: 
50 - 120 
Log. K=> ————— 
20,000 
K= 1.3. 


To see whether this will give the proper stress at the 
tube bore, where the temperature is 1,100—50=1,050 deg., 


the set of curves in Fig. 2 for — and K can be used. f is 
, 


the mean hoop stress. f’, already referred to as the safe 
working stress, is that stress which will produce a creep 
of 0.1 percent per 100,000 hours in simple tension. 

The mean hoop stress is first found by the well-known 
relation: 








P 1,200 
— — =3,430 lb. per sq. in. 
K—1 0.35 
From the curves it is seen that for K=1.35, H=20,000, the 
3,430 
stress ratio—=0.79, or f/= =4,350 Ib. per sq. in. A 
iy 0.79 


reference to the temperature-stress curve in the upper part of 
Fig. 2 shows 4,409 Ib. per sq. in. to correspond with 1,050 deg., 
as nearly as can be read. 

The stress can also be checked by using equation (2) : 





rea. 
= 
AN’ (K*’ —1) 
1,200 1.76 
= ———_—_—_ = 4,350 lb. per sq. in., 
0.64 - 0.76 


which is in agreement with the result obtained by the other 
method. 
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New Developments in 





Petroleum-Storage Vessels 


D. E. LARSON 
Chicago Bridge & Iron Company, Chicago 


Mm has been written about the conservation of 
natural resources, particularly with regard to crude 
petroleum. True conservation is achieved when the mo- 
torist is able to secure the maximum possible mileage 
from each barrel of crude oil produced. This can be 
accomplished only through the joint cooperation of 
automobile manufacturer, refiner, marketer, and stor- 
age-tank fabricator. 

The automotive engineer, by establishing a trend to- 
ward lower-temperature fuel systems, is making it pos- 
sible to utilize the more volatile fuels now available, 
which give better performance and higher efficiency. 
The refinery technologist is effecting tremendous poten- 
tial savings by developing new processes for converting 
former waste hydrocarbons into high-grade motor fuels. 
By improving the design of storage vessels, the tank 
fabricator is solving the problem of storing volatile 
products without excessive loss due to leakage or evap- 
oration. 


NEW PROCESSES NECESSITATE IMPROVED 
STORAGE 


When an industry engaged in manufacturing finished 
products from raw materials is in the earlier stages of 
development, waste products are usually plentiful, and 
conservation is neglected. As the industry becomes bet- 
ter established, however, the possibility of increasing 
profits through the utilization of these waste materials 
is investigated, and technical developments may elevate 
some of them to positions of prime importance. This 
has been true in the oil industry. During recent years 
new refining processes and improved blending methods 
have made it possible to use the more volatile hydro- 
carbons in the production of superior motor fuels. The 
necessity for preserving these light constituents, which 
were formerly wasted, has stimulated an extensive 
search for more efficient methods of storing petroleum 
products. Some of the more outstanding developments 
necessitating the adoption of improved storage facilities 
are described briefly in the following paragraphs. 


POLYMERIZATION 

This process provides the refiner with a means for 
partially converting butane and propane into motor fuel 
having a normal gasoline boiling range. In the past 
many of the oil companies followed the practice of 
allowing these fractions to evaporate from crude oil 
in field storage tanks. There was no object in retaining 
constituents which had to be disposed of at the refinery. 
The increasing use of polymerization has made it profit- 
able to store crude oil in containers capable of retaining 
the lighter hydrocarbons. 
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ATURAL petroleum resources can be employed 
most advantageously by enabling the motorist 
to secure increased mileage from each barrel of 
crude oil produced. The automobile and petroleum 
industries are working toward this end by develop- 
ing fuel systems capable of utilizing more efficient 
fuels of higher volatility, and by perfecting refining 
and blending processes for producing superior mo- 
tor fuels, with the elimination of practically all 
waste products. 

These advances must be supplemented by effi- 
cient methods for storing and handling the products 
involved. The trend toward higher vapor pressures 
emphasizes the economie necessity for vessels de- 
signed to store volatile liquids without deterioration 
or loss by evaporation. 

Methods commonly employed for reducing losses 
from volatile liquids include elimination of air cir- 
culation in the vapor space, reduction of tempera- 
ture variation, elimination of vapor space, the use 
of variable vapor space, and storage under pressure. 
Well-known applications of these methods are the 
use of gas-tight fixed roofs with conservation vents, 
reflecting paints, water-top roofs, water-spray sys- 
tems, insulated roofs, sunshades, breather roofs, 
lifter roofs, water-displacement systems, floating 
roofs, and pressure vessels. 

More recent developments include the use of im- 
proved floating roofs for working tanks, balloon 
systems for existing storage tanks, balloon roofs for 
marketing tanks, and Hortonspheroids for a wide 
range of volatile products including all motor fuels 
and natural gasolines. 

Presented at eighth mid-year meeting, American 
Petroleum Institute, Wichita, Kansas, May 25, 1938. 

The statements and opinions expressed herein 
are those of the author, and should not ke con- 
strued as an official action or opinion of the Insti- 
tute nor of this publication. 











NATURAL GASOLINE 


Motor fuels made by blending natural gasoline with 
suitable refinery stocks are superior to straight-run 
gasolines in easy starting properties and anti-knock 
characteristics. The popularity of these blends has 
caused a tremendous increase in the consumption of 
natural gasoline. The demand for this product varies 
with the seasons. It is greatest in the fall when blending 
stocks for winter gasolines are needed, and lowest in 
the spring when the need for easy starting properties 
has passed. In order to meet the peak demand, large 
quantities of natural gasoline must be placed in storage 
during the summer. Because of its high vapor pressure, 
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this gasoline cannot be stored in conventional tanks 
without prohibitive evaporation losses. This has created 
a demand for pressure containers having capacities as 
high as 100,000 barrels and designed for working pres- 
sures up to 15 pounds per square inch, or more. 


100-OCTANE AVIATION GASOLINE 
At the present time the demand for 100-octane avia- 
tion gasoline is far in excess of the supply. Stocks of 
this material must be built up gradually, because large 
quantities cannot be manufactured within a short period 
of time. It is essential that such stocks be protected 
against deterioration by storing them in containers 
which effectively prevent evaporation loss and the ac- 

companying decrease in physical characteristics. 


IMPROVED MOTOR FUELS 

In addition to the developments listed above, there 
has been a definite trend toward the marketing of motor 
fuels having improved anti-knock characteristics and 
easy starting properties. This has created a noticeable 
tendency toward the use of tankage that will reduce 
evaporation, and thus prevent decreases in octane rating 
and vapor pressure during periods of storage. 


METHODS FOR INCREASING STORAGE 
EFFICIENCY 


Losses from stored petroleum products occur either 
by leakage or evaporation, or by a combination of the 
two. Inasmuch as leakage can be eliminated by good 
workmanship, especially when welded construction is 
employed, the problem of conservation is principally one 
of dealing with evaporation. The history.of progress in 
storage-tank development is the story of a series of 
successive attempts to reduce evaporation losses. 

Evaporation is costly for two reasons: 1, because it 
results in the loss of a quantity of the material which 
could be marketed; and, 2, because the product which 
remains after vapgrization is one of inferior physical 
characteristics. The fractions which provide the desir- 
able properties in finished motor fuels are the ones with 
the higher vapor pressures which evaporate first. 
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A discussion dealing with new development in storage 
tanks would be incomplete without a brief resume of 
previous progress. The devices described in the follow- 
ing paragraphs are classified in accordance with the 
methods employed to reduce the loss. 


ELIMINATION OF AIR CIRCULATION 

If a storage-tank roof has open vents or seams that 
are not gas-tight, the air currents circulating in the 
vapor space whip up the vapors above the liquid surface 
and carry them out of the tank. Losses of this sort can 
be prevented by the use of gas-tight steel roofs equipped 
with pressure and vacuum valves that open only when 
a small amount of pressure or vacuum has formed. Al- 
though these vents effect no appreciable reduction in 
breathing or filling losses, the reduction in circulation 
loss alone is sufficient to repay their cost within a rea- 
sonably short period of time. Practically all tanks with 
fixed steel roofs are now equipped with conservation 
vents. 

TEMPERATURE REDUCTION 

Breathing losses in tanks equipped with gas-tight 
fixed roofs and conservation vent valves can be partly 
eliminated by providing an insulating or reflecting me- 
dium for decreasing the daily temperature variations in 
the vapor space. 

The following methods have been tried with varying 
success. None of these methods reduces filling losses 
materially : 

LIGHT PAINT 

Light-colored reflecting paints, such as aluminum, . 
effect a substantial reduction in temperature variations 
in the vapor space. The resulting decrease in breathing 
loss more than compensates for the cost. Inasmuch as 
tanks must be painted for other reasons, the practice of 
using light-colored paints on tanks with gas-tight roofs 
with conservation vents has become almost universal. 


WATER SEAL 

A second method consists of carrying several inches 
of water on a flat steel roof of vapor-tight construction. 
This is accomplished by extending the top of the tank 
shell several inches above the roof. Although a great 
many roofs of this type were used at one time, they 
have come into disrepute, because the decrease is evap- 
oration loss is hardly sufficient to compensate for the 
rapid deterioration of the roof plates caused by rusting. 


WATER SPRAY 

Temperature reductions may be achieved by means of 
a water-spray system. This method is considerably more 
efficient than the use of a water seal. Water is sprayed 
over the entire roof area by a series of nozzles; and, in 
some installations, is permitted to run down the tank 
shell. This increases the cost of tank maintenance, and 
the cost of operating the spray system is often not 
justified by the results obtained on products of average 
volatility. 

INSULATION 

Variations in temperature may be diminished by cov- 
ering the roof with a layer of insulation. Evaporation 
tests indicate that a reduction in breathing loss of ap- 
proximately 50 percent may be secured by the use of 
an efficient material. This method has not come into 
general use, because the initial cost of the insulation 
is rather high in comparison to the result secured. 


SUNSHADES 
Another method consists of the use of a metal hood, 
or sunshade, constructed of corrugated sheets of gal- 
vanized iron supported and held away from the tank 
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shell and roof by special framework of stiuctural steel. 
Although such hoods effect some reduction in breathing 
loss, they have not been used extensively. 


ELIMINATION OF VAPOR SPACE 


Losses due to breathing, filling, and air circulation 
would not occur if a tank had no gas space above the 
liquid surface. It follows that such losses can be elimi- 
nated by providing a container whose volume can vary 
in such a way that a gas space never exists. This may 
be accomplished as follows: 


WATER DISPLACEMENT 


The vapor space in a tank can be excluded by int:o- 
ducing water to displace gasoline when it is withdrawn, 
and vice versa. Although this scheme has been popular 
with inventors, it has never appealed greatly to the oil 
companies, and has been used only in a few isolated 
cases. 

FLOATING ROOF 

A more practical way of doing away with the vapor 
space is to equip a cylindrical tank with a roof which 
floats on the oil surafce and rides up or down as the 
tank is filled or emptied. A floating roof prevents all 
filling loss, but permits a small standing loss, because a 
perfect method of sealing the space between the edge 
of the roof and the tank shell has not yet been devised. 

The following types of float‘ng roofs are in common 
use: 

1. Pan-type roof: The first floating roofs consisted of 
a pan made up of a flat steel deck with a vertical rim 
at the edge. The space between the rim and the tank 
shell was closed by means of a special seal consisting of 
a series of steel shoes connected to each other by verti- 
cal strips of flexible material, and to the rim of the roof 
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FIGURE 1 
A Group of Welded Tanks with Wiggins Pontoon Roofs. 










by a continuous strip of the same fabric. These roofs 
are effective in preventing evaporation loss from prod- 
ucts not sufficiently volatile to boil at the temperatures 
attained by the steel deck plates. The pan-type roof may 
be used effectively for preventing evaporation losses 
from working crude-oil tanks, for resistance to corro- 
sion in tanks containing sour crudes, and for fire pre- 
vention in any tank containing a volatile liquid. 

2. Pontoon roof: The Wiggins pontoon roof consists 
of a single center deck plate attached at the periphery 
to a ring-shaped pontoon. The seal is similar to that 
used on the pan-type roof. The roof normally floats on 
the surface, thus eliminating breathing and filling losses 
in the same manner as a pan-type roof. However, it has 
several advantages not found in the latter. Vapor 
formed by boiling, instead of being lost, is trapped un- 
der the center deck and retained until re-absorbed by 
the liquid when cooler temperatures return. The pon- 
toon roof is also more desirable from an operating 
standpoint ; because it has much greater buoyancy, and 
is practically non-sinkable. The pontoon roof has met 
with greater favor than any of the older types of vapor- 
saving devices, and is particularly recommended for use 
on working tanks. A close-up view of a typical Wig- 
gins pontoon roof in a butt-welded tank shell in-shown 
in Figure 1. 

VARIABLE VAPOR SPACE 


Breathing losses can be stopped by constructing the 
tank roof in such a way that the vapor space can in- 
crease in volume when thermal expansion occurs, thus 
preventing vapor from being forced out of the tank and 
lost. The vapor thus retained again contracts, and is 
partly re-absorbed at the liquid surface when cooler 
temperatures return. The following types of roofs 
operate on this principle: 
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FIGURE 2 
Wiggins Breather Roofs on Welded Tanks. 


BREATHER ROOF 

The breather roof is a flexible steel diaphragm cover- 
ing the top of a storage tank. During periods when 
rising temperatures cause vapor expansion, the roof 
flexes upward to accommodate the increased volume. 
When decreasing temperatures cause the vapors to con- 
tract, the roof plates descend to a lower position. In this 
manner, all breathing loss is stopped. The Wiggins 
breather roof has sufficient capacity to prevent all 
standing loss from tanks filled or nearly filled with 
crude oil or motor gasoline. It was developed especially 
for this type of service, and is ordinarily used for stor- 
age tanks 60 feet or more in diameter. It does not pre- 
vent filling losses, and is not recommended for tanks 
worked rapidly. A Wiggins breather roof on a welded 
tank is shown in Figure 2, and a group of 144-foot 
diameter riveted API tanks with breather roofs is 
shown in Figure 3. 





LIFTER ROOF 

A lifter roof for an oil-storage tank operates in the 
same manner as a lift-type gasholder. It is commonly 
made up of a dome-shaped top with a depending rim 
which moves up or down in a trough containing a seal- 
ing liquid, usually water. When vapor expansions occur, 
the roof moves upward to provide the additional vol- 
ume required. Although the lifter roof is very efficient 
in preventing evaporation losses, it has not been used 
as extensively as might be expected due, perhaps, to the 
high initial cost and the inconvenience of maintaining 
the seal in cold climates. 


PRESSURE STORAGE 
When a volatile product is stored in a container 
capable of withstanding the maximum vapor-space pres- 
sure normally attained, all venting is eliminated. Breath- 
ing and boiling losses are stopped completely, and filling 
losses are either reduced or eliminated—depending upon 





FIGURE 3 
A Group of 144-Foot-Diameter Tanks with Breather Roofs. 
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vapor pressure of the stored product and the settings 
of the pressure and vacuum relief valves. In the past 
the following types of containers have been used for the 
storage of the more volatile hydrocarbons : 


CYLINDRICAL VESSELS 

Horizontal tanks consisting of a cylindrical shell with 
elliptical heads are used extensively for the storage of 
butane and propane for fuel purposes at industrial 
plants. Vertical blimps made up of a cylindrical shell 
with hemispherical heads at top and bottom are some- 
times used for the storage of these materials at refin- 
eries. Such units have been built in capacities as high 
as 12,000 barrels. 

SPHERES 

The Hortonsphere is a spherical pressure vessel used 
for storing products ranging from the more volatile 
natural gasolines to butanes and propanes. Horton- 
spheres may be built in any capacity up to 20,000 bar- 
rels, and for pressures as high as 100 pounds per square 
inch, or more. 

It is only within the last year or two that pressure 
storage has come into use for ordinary motor gasolines 
and the less volatile natural gasolines. 


NEW DEVELOPMENTS IN STORAGE EQUIPMENT 
A complete account of all recent developments in 
storage containers and their accessories would occupy 
more space than is here available. For this reason the 
discussion which follows has been limited principally to 
fundamental improvements in storage vessels. 


FLOATING ROOFS 

There have been no really outstanding developments 
in floating roofs since the Wiggins pontoon roof was 
introduced about eight years ago. Recent work directed 
toward increasing floating-roof efficiency has centered 
around improvements in the design of the seal, which 
closes the space between the rim of the roof and the 
tank shell. This seal is considerably more important 
than is generally realized. Even though the roof proper 
covers all but a small fraction of the entire tank area, 
excessive evaporation losses will occur if the liquid 
surface in the rim space is not effectively sealed. 


EFFICIENCY OF THE WIGGINS SEAL 

The seal on a Wiggins pontoon roof is made up of a 
series of steel shoes supported and held against the 
tank shell by hangers attached to the upper deck of the 
pontoon. Adjacent shoes are connected by vertical strips 
of fabric, and the tops of all shoes are connected to the 
deck by a continuous band of the same material—thus 
protecting the surface of the liquid between the shoes 
and the edge of the roof from the atmosphere, and pre- 
venting the circulation of air in this space. The only 
liquid which is ever exposed is that lying between the 
shoes and the tank shell. When the roof is passing over 
a horizontal seam, all of the shoes may be held a frac- 
tion of an inch away from the tank shell by the rivet 
heads—thus exposing a small surface at the bottom of 
a deep narrow aperture. Even so, the evaporation losses 
from this area are almost negligible during calm weath- 
er, because the vapor which forms at the surface tends 
to act as a blanket—thus retarding further vaporization. 
If a strong wind is blowing, however, some of the 
vapor may be carried out from behind the shoes, there- 
by increasing the rate of evaporation. 


NEED FOR SECONDARY SEAL 
The first Wiggins roofs were equipped with wiper 
seals to reduce the circulation of air between the shoes 
and the tank shell. These were soon abandoned, how- 
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ever, because a durable and resilient material for their 
construction could not be found. Furthermore, windage 
losses from the products of low volatility commonly 
stored at that time were not great enough to justify 
the expense involved in the installation of the addi- 
tional seal. The vapor pressure of motor fuels has now 
been increased to the point where losses due to the cir- 
culation of air behind the shoes may be large enough to 
warrant the use of a secondary seal. This device has 
been re-designed using the improved materials now 
available. 
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FIGURE 4 
Secondary Seal for Wiggins Pontoon Roof. 
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The type of secondary seal recommended for floating 
roofs in riveted tanks in areas where prevailing winds 
are experienced is illustrated in Figure 4. It consists of 
a closed loop of a tough and resilient material mounted 
on an extension plate at the top of the shoe. This loop 
contacts the tank shell, and seals the space between it 
and the shoe. A secondary seal of this type has been 
in use for nearly two years on a 60-foot diameter rivet- 
ed tank, which is filled and emptied once every day or 
two with sour distillate. It has given excellent results, 
and has proved sufficiently durable to be recommended 
for use on any floating roof in a territory where appre- 
ciable losses due to action of wind behind the shoes may 
be expected. 


ADVANTAGES OF WELDED TANK SHELLS 

Welded construction is now employed almost exclu- 
sively for all oil-storage tanks erected in the United 
States. The shell of a butt-welded tank can be built 
with a smooth inner surface having:no obstructions of 
any sort. The shoes forming the seal of a floating roof 
fit such shells with piston-like precision—thus decreas- 
ing air circulation, and permitting the roof to operate 
at maximum efficiency. 

When a floating roof is used in a riveted tank, the 
length of each shoe in a circumferential direction must 
be limited to about 3 feet to allow sufficient-flexibility in 
passing over rivet heads and laps. A hanger must be 
provided for each shoe. When welded shells are used, 
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such limitations do not exist, and the length of each 
shoe may be increased from 3 to 40 or 5U feet. This 
eliminates a great many connections between shoes, and 
permits a wider spacing of hangers. 

A typical seal with long shoes on a Wiggins pontoon 
roof in a butt-welded tank is shown in Figure 5. Other 
things being equal, butt-welded shells should always be 
specified for floating-roof tanks. 


APPLICATION OF FLOATING ROOFS 

Now that a number of efficient vapor-saving devices 
are commercially available, it is sometimes difficult to 
know just where each type can be used to the greatest 
advantage. Generally speaking, a floating roof should 
be used for any working tank containing motor fuel of 
normal boiling range, or for any tank in which fire pro- 
tection is of prime importance. A Wiggins pontoon rcof 





gas spaces through vapor lines to a suitable low-pres- 
sure gasholder. The vapors expelled from the tanks by 
pumping or breathing are forced through these lines to 
the gasholder, where they are retained temporarily. 
When the conditions causing their displacement have 
changed, the vapors pass back into the tanks, and are 
partly re-absorbed at the liquid surface. Inasmuch as 
most storage ‘tank roofs are incapable of withstanding 
safely a pressure of more than 2 inches of water, the 
gasholder used in a system of this sort must be de- 
signed to operate at an unusually low pressure. 


THE WIGGINS STEEL BALLOON 
The Wiggins balloon is a gasholder having the dis- 
tinguishing features of low operating pressure and rela- 
tively low cost. It provides a variable volume by the 
flexing of steel diaphragms, in much the same manner 





FIGURE 5 
Wiggins Seal with Long Shoes in Welded Tank 


provides a sound investment for any tank filled or 
emptied more than five or six times per year with motor 
gasoline, or for any crude-oil tank filled oftener than 
once a month. The fire safety provided by a floating 
roof is too well known to merit further discussion here. 
Floating roofs may also be used to advantage in reduc- 
ing losses from tanks used for blending purposes. 


BALLOON SYSTEMS 


There are in use today thousands of structurally- 
sound cylindrical steel storage tanks with fixed roofs. 
The efficiency of many of these is being increased by 
removing the fixed roofs and replacing them with float- 
ing roofs or breather roofs. Such conversions are com- 
mendable from an economic standpoint, but are disrupt- 
ing for the reason that the tanks must be taken out of 
service while the work is in progress. The search for 
a method of evaporation-loss prevention that could be 
applied to existing tanks without the necessity of tak- 
ing them out of service culminated in the development 
of the Wiggins balloon system. 

Vapor losses from a group of storage tanks with 
gas-tight steel roofs can be prevented by connecting the 
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as a breather roof. A typical vapor-storage system 
employing a Wiggins steel balloon is shown at the top 
of Figure 6. The two sectional views at the bottom of 
Figure 6 show the outline of the balloon in the inflated 
and deflated positions. The upper part of the balloon 
consists of a large steel diaphragm attached to a vertical 
rim. This rim is fastened to another flexible plate ex- 
tending outward from the top of a shallow tank shell 
with a flat bottom. 


The top diaphragm of the balloon and the lower 
flexible extension are made of %-inch steel plates with 
seams of single lap-welded construction. The rim, which 
is made of slightly heavier material, is reinforced at 
the top and bottom to resist the compressive stresses at 
these points. The bottom of the tank portion, which 
rests directly on the grade, may be constructed of 
¥-inch material—although a corrosion allowance of 
1/16-inch is sometimes added. 


VAPOR LINES 
The vapor lines connecting the tanks and the bal- 
loon are made of light-gage pipe of large diameter in 
order to reduce friction loss and keep the cost to a 
minimum. Corrosion is minimized and painting facili- 
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tated by supporting the pipe above the ground on _ loon, the diaphragm sags down and comes to rest on 
frames made of light angles. Inverted-siphon drains are a series of fixed supports on the tank bottom, as 
placed at low points in the line to prevent an accumula- shown in Figure 6. Incoming vapor causes it to 
tion of water due to condensation. lift off the supports and rise upward. Inasmuch 
as the diaphragm is constructed in the shape of 

OPERATION OF BALLOON a saucer, it cannot pass through the horizontal po- 

When all vapor has been discharged from the bal- sition without the formation of some buckles in 


- ere tlhe the plates. A series of concrete weights placed on 









= = the deck along spiral lines helps to prevent local 
distortions by causing the buckles to form in long 
smooth waves. Spiral and circular control angles are 

VAD \ FILLING PLUS \ EMDTYING MINUS sm ; ; 
\\ eSBisen ony \\\ vada enaNSON\ VADOR_ EXDANSION also used as an additional safeguard against the forma- 
* tion of any sharp irregularities in the plates. The top 
weights and control angles on a 114-foot diameter bal- 








loon are shown clearly in Figure 7. 
As the diaphragm passes through the horizontal posi- 
tion and arches upward, it gradually lifts the rim by 
flexing the lower extension plate until the full capacity 
of the balloon is reached. The maximum operating pres- 
sure is held to a minimum by a series of counterweights 
which exert an upward force on the rim, and thus re- 
duce the effort necessary to produce full inflation. The 
maximum operating pressure of a counterweighted bal- 
loon may be kept down to about 15 inches or 1% 
inches of water. The counterweights consist of steel 
SUPPORTS boxes filled with earth or gravel. They are suspended 
Pe ie from cables or chains which pass over sheaves on steel 
hacmmann posts and attach to the rim of the balloon. 

BALLOON INFLATED The vents for a Wiggins balloon system consist of 
the usual pressure and vacuum vents on the tank roofs, 
supplemented by a special relief valve controlled by the 
movement of the balloon. Inasmuch as an almost un- 

bs a ee el ad limited amount of force is available to operate this valve 
oe : when the balloon has reached its upper or lower limit, 
there is very little possibility of its failing to operate. 

BALLOON DEFLATE D All normal venting occurs through this valve. The tank- 

FIGURE 6 roof vents are set for slightly higher amounts of pres- 
sure and vacuum, and open only in an emergency. If 


ROWS INDICATE FLOW OF VAPOR DURING PERIOD 
OF INCQEASING TEMPEQATURE 










es 
INVERTED SIPHON DRAIN 











Wiggins Balloon System 









FIGURE 7 
144-Foot-Diameter Wiggins Balloon Fully Inflated 
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a balloon with sufficient vapor-storage capacity has been 
chosen, there will be no venting from the system under 
ordinary service conditions. 

A balloon system is entirely automatic in its opera- 
. tion. It will continue to function effectively as long as 
the fittings on all tanks are kept tightly closed. One 
good-sized opening in the system, however, may entirely 
destroy its efficiency in preventing evaporation losses. 
All tanks should be equipped with gage wells or auto- 
matic float gages, so that gaging may be accomplished 
without loss of vapor. 
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SECTION 


FIGURE 8 
General Plan of Wiggins Balloon Roof 


It is desirable to keep a complete record of the opera- 
tion of a balloon system by installing an automatic re- 
cording gage to chart the movement of the balloon. 
The total volume of air and vapor returned from the 
balloon to the tanks each day can be determined from 
this chart. Then, if the percentage of hydrocarbon 
vapor in the mixture is known, the saving made by the 
system can be readily computed. This percentage can 
be obtained by making a daily analysis of the gas in 
the balloon with an Orsat apparatus to determine the 
oxygen content. This indicates the percentage of air 
in the mixture, and the remainder is hydrocarbon vapor. 


























TABLE 1 
Balloon-Roof Data 
Maximum 
Tank Roof Vapor Rim Pressure 
Diameter Diameter Capacity Height (Inches of 
(Feet) (Feet) . (Cubic Feet) (Inches) Water) 
20 32 1,300 13 6% 
30 42 2,400 13% 6% 
40 52 4,300 13% 5% 
50 62 6,800 14% 5% 
60 72 10,200 15% 5 
70 82 14,500 16% 45% 
80 92 20,000 17 4% 
90 102 27,000 17% 4 
100 112 35,000 18% 3% 
110 122 44,000 19% 3% 
120 132 55,000 19% 3% 
130 142 67,000 19% 3% 
140 152 79,000 19% 3 
150 162 91,000 19% 2 
160 172 103,000 20 2% 
300 


APPLICATION OF WIGGINS BALLOON SYSTEM 

A Wiggins balloon system may be installed wherever 
sufficient ground space for its construction is available 
adjacent to a group of storage tanks with gas-tight steel 
roofs. It should not be thought, however, that the bal- 
loon system is a panacea for any group of tanks that 
happens to be suffering extreme evaporation losses. A 
careful investigation of the proposed installation should 
be made to see whether it is practical and can be ex- 
pected to function efficiently. The roofs on all tanks to 
be included in the system should be examined to deter- 
mine whether the seams and fittings are gas-tight, or 
whether they can be made so at a reasonably small 
cost. Special attention should be given to fittings such 
as old-style foamite boxes, which are rarely gas-tight 
and are difficult to repair. 

The design of each roof should be checked to make 
sure that the top angle has the strength necessary to 
resist the compressive stress due to pressure. When 
necessary, the stress at the curb can be either reduced 
or eliminated entirely by placing weights on the roof 
to decrease the net upward force due to pressure. This 
can usually be done without overloading the roofs; be- 
cause the supporting columns are ordinarily selected on 
the basis of slenderness ratio, and are capable of sup- 
porting greater loads than those contemplated in the 
design. A cone roof, which has been equipped with 
weights to increase the safe operating pressure, may be 
seen in the background at the right of the balloon in 
Figure 7. 

Each proposed balloon system presents an individual 
problem requiring careful study. All pertinent factors 
such as relative positions and elevations of the various 
tanks, condition of roofs and fittings, vapor pressures 
of products stored, pumping rates, and throughputs 
must be considered in arriving at the most economical 
capacity for the balloon and for the proper diameters 
for the various vapor-line branches. An installation 
based on a study of this sort will operate satisfactorily, 
and will make a good return on the investment, if rea- 
sonable care is exercised in its operation. 


BALLOON ROOFS 

The Wiggins balloon roof is one of the most recent 
developments in vapor-saving devices. It looks and 
operates like a steel balloon mounted on the top of a 
storage tank, and derives its name from this resem- 
blance. The principal difference between the steel bal- 
loon and a balloon roof is that counterweights are sel- 
dom used with the latter for the purpose of reducing 
the operating pressure. 


FEATURES OF WIGGINS BALLOON ROOF 

The component parts of a Wiggins balloon roof are 
illustrated by the general plan in Figure 8. When the 
roof is deflated, the top deck or diaphragm rests on a 
framing of rafters and girders supported on col- 
umns. A system of top weights and control angles, sim- 
ilar to that used on a steel balloon, is installed on the 
top to make the buckles form in smooth waves as the 
deck passes through the horizontal position. 

Most balloon roofs have been constructed with an 
overhang, or extension, beyond the tank shell of 6 feet— 
thus making the roof diameter 12 feet greater than the 
diameter of the tank. Increased roof capacity can be 
secured by extending this dimension. A few roofs have 
been built with an 8-foot overhang. The maximum 
operating pressures, rim heights, and net vapor-storage 
capacities for roofs of various diameters with 6-foot 
overhang and 3/16-inch roof plates are listed in Table 
1. The operating pressure of a balloon roof varies in- 
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versely with the diameter. It is considerably greater 
than the pressure for a steel balloon of the same size. 
This is true because heavier plates are used in the con- 
struction of a balloon roof, and because counterweights 
for reducing the pressure are not used except in special 
cases. A typical balloon roof with 6-foot overhang is 
shown in Figure 9. 





FIGURE 9 
85-Foot-Diameter Balloon Roof on 73-Foot Tank 


The fittings normally supplied with a Wiggins bal- 
loon roof consist of a thief hatch, gage hatch, mano- 
meter drainage system, and control valve for venting 
the roof when its capacity tends to be exceeded. The 
gage hatch is equipped with a well extending down into 
the liquid to prevent loss of vapor during gaging. The 
drain consists of an inverted siphon located at the cen- 
ter of the deck. Water passing through this drain over- 
flows into a catch basin, and is conducted to the tank 
bottom through a vertical pipe which prevents it from 
coming into contact with the main body of the stored 
liquid as it descends. After it has reached the tank 
bottom, the water may be removed through the regular 
water drawoff. In cases where it is undesirable to per- 
mit rain water to enter the tank, a pipe-drainage system 
with flexible joints may be used to carry the water 
from the deck to the outside of the tank shell. 


VENTING MECHANISM 


No vapor-saving device can be expected to operate 
at full efficiency unless it is equipped with pressure and 
vacuum relief vents which open without fail when the 
need for venting exists, and remain tightly closed at all 
other times. The double-acting diaphragm control valve 
illustrated in Figure 10 was developed to provide 
breather and balloon roofs with a venting device that 
would fulfill these requirements, even under the most 
severe climatic conditions. The operation of this me- 
chanism is as follows: 

1. Vacuum: When a partial vacuum forms in the 
tank, the valve cover is forced downward by atmos- 
pheric pressure—thus causing the valve to open as 
shown in Figure 10. The amount of vacuum at which 
the valve starts to open can be regulated by varying 
the amount of weight in the counterweight box. 

2. Pressure: When vapor tends to be displaced from 
the tank during filling or as a result of thermal ex- 
pansion, the pressure gradually increases—causing the 
roof to inflate. As it reaches the high position, the 
stop block contacts the rafters, and the valve will then 
-_ with any further upward movement of the roof 
plates. 

The dome-shaped cover has a diameter of 5 ft. 6 in., 
and its large effective area provides ample force to 
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open the valve even when it is frozen shut with film of 
ice. This has been verified by actual test. When the roof 
has become partly inflated, but has not reached the 
position where the stop block touches the rafters, the 
pressure inside the vent cover tends to force it upward 
—thus closing the valve so tightly that no leakage can 
possibly occur. The first valves of this type were in- 
stalled about 2%4 years ago, and their service record has 
been remarkably good. 


INTERCONNECTION WITH FIXED-ROOF TANKS 


When a tank with a balloon roof is to be connected 
by vapor lines to one or more adjacent tanks with fixed 
roofs, the design and condition of the fixed roofs must 
be investigated to make sure that they will withstand 
safely the maximum operating pressure. If the roofs 
are found to be inadequate, the pressure requirements 
may be handled in one of the following ways: 


1. The fixed roofs may be reinforced by adding sec- 
tion to the top angle to reduce the unit compressive 
stress due to pressure. This method is often impractical, 
because it necessitates taking the roofs out of service 
to permit welding. 

2. Concrete weights can be placed on the fixed roofs 
to reduce the net upward pressure acting on the roof 
plates, thus decreasing or eliminating the compressive 
stress at the curb. The framing on most cone roofs has 























STOP BLOCK 
ADJUSTMENT 
VALVE. PALLET DOME=SHAPED COVER. 
HINGE: FABRIC SEAL 
ee 
GASKET— 
PATH OF FLOW / |/% 
NLA Lae 
5 a ROLLER 
LEVER 
COUNTERWEIGHT | | 
MANHOLE. 
GAS DOME. a 
! 




















F. \ PLATE 










R00F RAFTERS 


VACUUM FORMS IN THE 
ED DOWN BY ATMOSPHER- 
THE VALVE. TO OPEN AS 
SURE BUILDS UP INTHE 


STOP BLOCK 


NOTE: WHEN A PARTIAL 
TANK, THE COVER_IS FoRC 
IC PRESSURE: CAUSING 
SHOWN ABOVE..AS PRES- 
TANK, THE ROOF RISES UNTIL THE STOP BLOCK 
ENGAGES THE RAFTERS, AND FURTHER_ MOVEMENT 
OF THE ROOF OPENS THE VALVE, THE. PATH OF FLOW 
THROUGH THE VALVE IS THEN THE REVERSE OF THAT 
SHOWN ABOVE. 


FIGURE 10 
Diagram Showing Operation of Volume Control Valve 


the strength necessary to support these weights in addi- 
tion to the usual roof loads, provided they are placed 
directly over the columns. 

3. The overhanging portion of the balloon roof may 
be counterweighted to reduce the maximum operating 
pressure. This is accomplished by exerting an upward 
force on the rim by means of weights suspended on 
cables passing over sheaves mounted on brackets at- 
tached to the tank shell. This arrangement is illustrated 
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by the views in Figure 11, which were taken during the 
erection of a 76-foot-diameter balloon roof on a 60- 
foot tank. The gin pole used for raising the roof plates 
may be seen at the left of the left-hand photograph. 
Fixed roofs on new tanks which are to be connected 
through vapor lines to a balloon roof should be de- 
signed for the maximum pressure to which the system 
may be subjected, and should be equipped with fittings 





Counterweight box filled with 


gravel, 
FIGURE 11 
Wiggins Balloon Roof with 8-Foot Overhang on 
60-F oot-Diameter Tank. 


Sheaves and supporting 
bracket. 


that will operate at this pressure without vapor loss. 
Existing tanks can usually be modified to withstand in- 
creased pressures by using concrete weights to reduce 
the net upward force in the manner described above. 


APPLICATION OF BALLOON ROOF 

Balloon roofs are being used extensively for market- 
ing tanks at bulk stations and marine terminals. Such 
stations usually have one or more small tanks used for 
special grades of motor fuels handled in small quanti- 
ties. The losses from these tanks may be quite serious 
when the value of the product is taken into considera- 
tion. Unfortunately, a special roof for a small tank is 
sO expensive in comparison to the cost of the tank that 
the operator will often allow the loss to continue rather 
than make the outlay necessary to stop it. A balloon 
roof with some excess capacity installed on one of the 
larger tanks at the terminal offers a convenient solution 
of this problem. Vapor lines extended to the small 
tanks will prevent all breathing loss, and will effect 
some reduction in filling loss at a relatively small cost. 


HORTONSPHEROIDS—PRESSURE STORAGE 

Although engineers im the petroleum industry have 
been familiar with the advantages offered by pressure 
storage, the use of pressure vessels for the storage of 
large volumes of motor fuels at the low pressures re- 
quired to prevent evaporation loss is a comparatively 
recent development. One of the first applications of the 
pressure-storage principle consisted of the use of small 
cylindrical vessels with elliptical heads for butanes and 
other light fractions requiring relatively high pressures. 
This was followed by the introduction of spherical ves- 
sels which provided more economical storage where 
fairly large quantities were involved. The first Horton- 
spheres had riveted seams, but welded construction has 
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been employed almost exclusively during recent years. 
Two typical welded Hortonspheres, designed for a 
working pressure of 100 pounds per square inch and 
used for the storage of butane, are shown in Figure 12. 
These vessels have a diameter of 35 feet 3 inches and 
a capacity of 4,000 barrels each. 

The Hortonspheroid was introduced to the oil indus- 
try on a commercial scale in 1929. During that year 
four riveted units, each having a capacity of 10,000 bar- 
rels and designed for a working pressure of 15 pounds 
per square inch, were placed in service for the storage 
of natural gasoline. A riveted spheroid of this capacity 
and pressure is illustrated in Figure 13. A welded unit 





FIGURE 12 
Two 4,000-Barrel Welded Hortonspheres 





FIGURE 13 
10,000-Barrel 15-Pound Riveted Hortonspheroid 


of the same size with spiral stairway is shown in Fig- 
ure 14. 
THE HORTONSPHEROID PRINCIPLE 

The distinguishing feature of the Hortonspheroid is 
its characteristic streamlined contour. The fundamental 
principle involved in the choice of this particular shape 
may be explained as follows: When any elastic con- 
tainer such as a rubber bag is filled with liquid and 
then subjected to internal gas pressure, it takes the 
shape for which the shell stresses are uniform and 
minimum. The weight of the liquid tends to flatten the 
bag, while the gas pressure tends to inflate it. The 
resulting shape is known as a spheroid. The exact 
curve assumed by the shell depends upon the weight of 
the liquid and the magnitude of the gas pressure. 

The Hortonspheroid, as originally conceived, con- 
sisted of a steel shell built to the shape which an elas- 
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tic container would take when filled with liquid of the 
weight to be stored and subjected to the specified work- 
ing pressure. This form is the one requiring the least 
amount of steel. An outside girder was provided to 
support the weight of the liquid in the overhanging 
portion of the shell at times when no gas pressure 
existed, but no framing or bracing of any sort was 
used inside the vessel. Spheroids of this type having 





FIGURE 14 
10,000-Barrel 15-Pound Welded Hortonspheroid 


mo internal framing are now usually called “plain” or 
“smooth” spheroids, to differentiate them from the 
noded type of spheroid with inside trusses and ties 
which was developed later. Plain spheroids have been 
built in capacities up to 30,000 barrels, and for work- 
ing pressures as high as 25 pounds per square inch. 


DEMAND FOR PRESSURE STORAGE 
The increasing use of spheroids for volatile products 
tended to emphasize the inherent simplicity and natural 
advantages of pressure storage. This, in time, resulted 
-in a demand for a pressure container that could be built 
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Capacity, 80,000 barrels 
Working pressure, 2% pounds per square inch 
FIGURE 15 
Ideal Hortonspheroid 


in any capacity up to 100,000 barrels, and used for 
motor gasolines and natural gasolines necessitating 
working pressures ranging from 2% to 15 pounds per 
square inch, or more. Attempts to design a vessel which 
would meet these requirements and could be sold at a 
reasonably low price led to the development of the 
nodel type of Hortonspheroid. 


LIMITATIONS OF IDEAL SHAPE 
In order to understand the factors involved in pro- 
viding storage facilities for large quantities of liquid 
at low pressures, let us consider the problem of design- 
ing a container for storing 80,000 barrels of gasoline 
weighing 48 pounds per cubic foot at a maximum 
working pressure of 2%4 pounds per square inch. An 


June, 1938—A Gulf Publishing Company Publication 


elastic shell or bag filled with this amount of 48-pound 
liquid and subjected to a 2%4-pound pressure would 
take the shape shown in Figure 15, which we shall call 
the “ideal” shape. The stress in any direction at any 
point in the shell would be 2500 pounds per lineal inch. 
If the vessel were to be subjected only to this particu- 
lar combination of gas and liquid loads, the entire shell 
—including roof and bottom—could be constructed of 
\4-inch steel plates. 

Unfortunately, a pressure tank in service may be 
subjected to all possible combinations of liquid and 
gas loads, and the shell must be designed for the maxi- 
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Capacity, 80,000 barrels 
Working pressure, 24% pounds per square inch 
FIGURE 16 
Smooth Hortonspheroid 


mum stresses resulting from any combination. If gas 
pressure alone were applied to the vessel illustrated in 
Figure 15, it would tend to assume a spherical shape— 
resulting in high compressive stresses in the lower part 
of the shell where the radius of curvature is sharpest. 
Liquid load unaccompanied by gas pressure would cause 
excessively-high tensile stresses in the same region. 
These considerations make it necessary to abandon our 
“ideal” shape and adopt one that is better suited to 
actual conditions. 


LIMITATIONS OF SMOOTH SPHEROID 
The high compressive stresses in the shell of the 
“ideal” spheroid can be reduced or eliminated com- 
pletely by changing the radii of curvature, The flat bot- 


























Capacity, 80,000 barrels 
Working pressure, 24% pounds per square inch 


FIGURE 17 
Noded Hortonspheroid 


tom can be made to withstand gas pressure by dish- 
ing it. The high tensile stresses due to liquid alone can 
be resisted by increasing the plate thickness and pro- 
viding a girder to support the overhanging portion of 
the shell. These modifications result in the typical 
smooth spheroid, shown in Figure 16. It has a diameter 
of 108 feet and an over-all height of 75 feet. Although 
a vessel of this design is structurally sound and capable 
of resisting all combinations of loads, it has a number 
of undesirable features—some of which are: 

1. The height causes a soil pressure too great to 
permit the use of the vessel in many locations. 2. The 
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welding of the heavy plates in the lower shell might 
cause locked-up stresses if an improper welding se- 
quence were used. 3. The high cost of fabricating and 
erecting the heavy plate work is reflected in the selling 
price of the vessel. 











Working pressure, 24% pounds per square inch 
Breaking pressure, 6 pounds per square inch 
First test, January 22, 1938. 

40 feet of water in tank when tested 
NOTE: Heavy dotted lines indicate fractures 


FIGURE 18 
First Failure Test, 100,000-Barrel Hortonspheroid 
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Working pressure, 2% pounds per square inch 
Breaking pressure, 5.3 pounds per square inch 
Second test, March 18, 1938 
32.8 feet of water in tank when tested 
NOTE: Heavy dotted lines indicate fractures 


FIGURE 19 
Second Failure Test, 100,000-Barrel Hortonspheroid 


From the foregoing, it is evident that the smooth 
spheroid, which is admirably suited to the storage of 
volumes up to 30,000 barrels at high pressures, is not 
so well adapted to the storage of larger volumes at low 
pressures. 

DEVELOPMENT OF NODED HORTONSPHEROID 
All of the objections to the use of the smooth 
spheroid for large-volume low-pressure storage can be 
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overcome by further modifications in’ the design. The 
excessive height can be reduced by flattening the struc- 
ture and introducing internal tension’members to pre- 
serve the flattened shape under gas pressure. The shell 
plates can be reduced in thickness by the usé ‘of trusses 
designed to effect a more uniform distribution of 
stresses under liquid load. A noded-type Hortonspher- 
oid having these features is shown in Figure 17. 

The stress formulas used in the design of noded 
Hortonspheroids have been developed through ana- 
lytical research and field stress measurements. In gen- 
eral, the basic principles of design consist of forming 
all plates to a double curvature to increase their effi- 
ciency in resisting pressure, and in placing all struc- 
tural members to act both as tension members and as 
compression members—depending on the conditions of 
loading. All of the metal in the structure is thus 
utilized at maximum efficiency. 


EFFECT OF EXCESSIVE GAS PRESSURE 

The purchaser of a Hortonspheroid is naturally in- 
terested in knowing how it would fail as a result of 
excessive gas pressure caused either by an explosion 
or by the failure of the relief vents to function. A 
rational analysis of this problem indicates that the roof 
plates will rupture without damage to the rest of the 
structure. The major portion of the total stress in the 
outer shell is caused by liquid. The gas stress in this 








FIGURE 20 
Construction Views of a Group of 100,000-Barrel 
21%4-Pound Hortonspheroids. 


region is comparatively small. Increasing the gas pres- 
sure above the working range will cause a relatively 
small increase in the total shell stress. The roof plates, 
however, are stressed in direct proportion to the gas 
pressure, and will fail long before a critical stress has 
been reached in the shell. 


FAILURE TEST OF 100,000-BARREL SPHEROID 

In order to verify the theory outlined in the preced- 
ing paragraph, a 100,000-barrel spheroid designed for a 
working pressure of 24% pounds per square inch was 
tested to failure by applying excess gas pressure. It 
was first filled with water to the top capacity line. The 
pressure in the vapor space was then increased by in- 
troducing compressed air until failure occurred, at a 
pressure of 6 pounds per square inch, by the tearing of 
the single lap-welded seams in the roof. The seams 
along which tearing occurred are indicated by the heavy 
dotted lines in the plan view shown in Figure 18. 

After this test had been completed, the roof was re- 
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paired and again tested to failure under different con- 
ditions. During the second test the spheroid was filled 
with water to a depth of only 32.8 feet, instead of 40 
feet, as in the first test. The second failure occurred 
with greater violence than the first due to the larger 
volume of compressed air in the vessel. The roof seams 
which tore during the second test are indicated on the 
plan view in Figure 19. Some parts of the roof were 
thrown entirely clear of the spheroid. The data gained 





FIGURE 21 
100,000-Barrel 15-Pound Hortonspheroid 





FIGURE 22 
100,000-Barrel 15-Pound Hortonspheroid 


from these tests furnish conclusive proof that the roof 
of a Hortonspheroid provides a so-called weak section 
for the relief of excessive pressure. The conditions to 
be dealt with in a spheroid fire following an explosion 
would be similar to those encountered with cylindrical 
storage tanks. Of course, the rich vapor mixture nor- 
mally present in a pressure vessel is excellent insur- 
ance against the occurrence of such an explosion. 


ADVANTAGES OF PRESSURE STORAGE 

A few of,the desirable features obtained through the 
use of pressure storage are as follows: 

1. Positive protection: When volatile products are 
stored in closed containers whose relief vents are set 
to open only when the pressure necessary to prevent 
breathing has been reached, there can be no question 
that the desired result has been accomplished. As long 
as venting does not occur, there can be no vapor loss 
and no accompanying deterioration of product. 

2. Dependability: A pressure vessel has the fewest 
working parts of any of the generally-accepted evapo- 
ration saving devices. Aside from the pressure and 
vacuum relief valves, there is nothing to get out of 
order. A vessel of this type is necessarily a rigid struc- 
ture which is unaffected by rain, snow, or ice. 

3. Low maintenance cost: Pressure containers pre- 
vent evaporation losses by taking advantage of the 
very physical laws responsible for this occurrence. No 
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power is used, and the presence of an attendant is not 
required. There are no special maintenance costs of 
any sort. 

4. Corrosion resistance: When a pressure vessel has 
been in service long enough for the vapor mixture in 
the gas space to reach a state of equilibrium, air will 
be drawn in through the relief vents only under unusual 
operating conditions. Inasmuch as oxygen is one of the 
principal factors responsible for a high rate of cor- 
rosion, the exclusion of air helps materially to increase 
the useful life of the structure. 

5 Fire safety: The rich vapor mixture present in a 
pressure vessel also helps to minimize the fire hazard. 
The vapor content of the gas space is always above the 
explosive range under normal operating conditions. 


FIELD FOR PRESSURE STORAGE 

The development of the noded type of Horton- 
spheroid has made pressure storage economically avail- 
able for a wide range of volatile products. Typical 
spheroid installations are illustrated in Figure 20, 21, 
and 22. The views in Figure 20 show a large group of 
low-pressure Hortonspheroids in the process of con- 
struction. Each one has a capacity of 100,000 barrels, 
and is designed for a working pressure of 2%4 pounds 
per square inch. Figure 21 shows a 100,000-barrel 15- 


3,500,000 
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9932 1933 934 1935 
FIGURE 23 


Graph Showing Total Capacities of Hortonspheroids 
Placed in Service Each Year. 


JOG 1937 


pound vessel used for storing natural gasoline. A 100,- 
000-barrel 10-pound unit may be seen in the back- 
ground. Another 100,000-barrel 15-pound spheroid 
used for natural-gasoline storage is shown in Figure 
22. The rapidly-increasing use of this class of storage 
is indicated by the chart in Figure 23, which shows the 
number of barrels of Hortonspheroid storage purchased 
each year by the oil industry since 1932. The desirable 
features of simplicity, safety, and economy offered by 
pressure storage point to further marked increases in 
the use of Hortonspheroids for all classes of volatile 
liquids, particularly those which must be protected 
against loss in quality as well as evaporation. 
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Nickel-Bearing Alloys 






B. B. MORTON 


The International Nickel Company, Inc. 


New York 


ETROLEUM refiners, especially with their 

newly-acquired flair for production of chemicals, 
make strenuous demands upon metals and alloys. 
Metal temperatures ranging from —150°F. and lower 
to about 2000°F. are encountered at various locations 
in refineries. The presence of sulfur, also organic 
and mineral acids, further intensifies the service re- 
quirements by introducing the factor of corrosion. 


LOW-TEMPERATURE RANGE 

Within the temperature range of 0 to —T75°F., 
encountered by metals used in connection with de- 
waxing, the 2.25 to 2.50 percent nickel steels find 
wide application as the material for vessels, pipes, and 
fittings. This material is well suited for the service; 
as it is readily available, easily welded, and retains a 
satisfactory impact value within this temperature 
range. 

The impact value retained at low temperatures ap- 
pears to depend to a large extent upon the carbon 
content; and, in the case of the nickel steels, impact 
values improve with decrease in carbon content, as 
can be seen from the values given in Table 1. 

Bolts, piping, and fittings fabricated from a steel 
corresponding to SAE 2315 retain ample impact value 
for use at temperatures down to —75°F. “Yoloy,” an 
alloy steel containing 2 percent nickel and 1 percent 
copper, is available as tubing ; and is used at tempera- 
tures down to —75°F., in view of its large retention 
of room-temperature impact values at sub-zero tem- 
peratures. Some values reported for this material are 
given in Table 2. 

For temperatures below —75°F. special alloys con- 
taining nickel, chromium, and copper have been pro- 
posed. The very low carbon-nickel irons possess good 
impact values at temperatures down to —200°F. (see 
Table 1). However, for the ultimate in strength, 
ductility, and impact values, Monel, nickel, and 
Inconel, also the 18 percent chromium-8 percent 
nickel stainless steels, are available. Table 3 gives 
some impact values for Monel, nickel, and Inconel; 
and Figure 1 presents curves showing the effect of 
sub-zero temperatures on the physical properties of 
Monel. From these curves it is evident that the im- 
pact value of Monel does not drop off at temperatures 
down to —425°F.; the physical strength improves; 


and the ductility, as measured by elongation and re- 
duction of area, remains fairly constant. Monel is in 
use at the present time as the bowls of centrifuge 
machines used in connection with dewaxing of lubri- 
cating oil. It also finds service as bolts and as a 
material for highly-stressed parts. Its resistance to 
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ICKEL-BEARING alloys are widely used in 

refineries to meet the strenuous demands im- 
posed on metals by the wide variations of tempera- 
ture (— 150 to 2,000° F.) used and the presence of 
organic and mineral corrosive agents. 

The 2.25 percent nickel steels readily meet the 
requirements for vessels and equipment operating 
at the sub-zero temperatures used during dewaxing 
of lubricating oils. Monel, nickel, Inconel, and the 
18-8 alloys are available for use where very low 
teraperatures are encountered; and offer the op- 
timum in strength, ductility, and impact resistance. 

Ni-Resist, an austenitic cast iron, is one of the 
most widely used of the nickel-bearing alloys, and 
finds application as pump parts for pumps handling 
naphtha, reflux, acids, and bases. 

The heat-resisting alloys, containing 25 to 30 
percent chromium, have their physical and oxida- 
tion-resisting qualities enhanced by the presence of 
nickel; and these alloys usually contain 12 to 25 
percent nickel. 

Presented at Eighth Mid-Year Meeting, American 


Petroleum Institute, Lassen Hotel, Wichita, Kansas, 
May 25, 1938. 











corrosion by chlorinated solvents further enhances 
its value when used in connection with dewaxing in 
the presence of these solvents. 

The 18 percent chromium-8 percent nickel alloys 
are reported to possess excellent physical properties 
and impact values at temperatures down to that of 
boiling liquid air. 

Cast nickel steels are widely used in connection 










































































| | | 
e 1 | 
— a | as 
2 © Tensile Strength 
S 180 Cog S © Proof Stress or Yield Point 
Ms : — 
2 “855, 4 Elongation 
” ki 
2 Ce p, x Charpy Impact 
160 : 
tel a) 
a Tensig | Ph] 
KX Stre se 
= 140 "8th a 
3 bm] ed } 
‘s 120 o Briney Hera | Fatigue 
_ Ness. 
8 4 Moduii-3 
= 100H— g ‘ x a 
ey 7 x 
cs Elongation; Reduction of Area; Charpy Impact 
- ot setae ART ARC eee 
-400 -300 -200 -100 0 100 


Temperature, Deg F. 
Ultimate tensile strength, 70,000-85,000 pounds per square inch. 
Yield point, 30,000-40,000 pounds per square inch. 
Elongation in 2 inches, 50-35 percent. 
Reduction of area, 75-65 percent. 
Brinell hardness number, 120-160. 
Izod impact value, 120-90 foot-pounds, 
Charpy impact value (45° notch), 215 foot-pounds. 


FIGURE 1 


Effects of Sub-Zero Temperatures on the Physical 
Properties of Monel. 
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with low-temperature applications as valve bodies, 
pump parts, material of fittings, headers, etc. Some 
values to be expected from 2.9 percent nickel steels 
at temperatures down to —150°F. are given in 
Table 4. 

The field of low-temperature uses in refineries is 
being rapidly widened, as temperature control is now 
being applied to processes other than dewaxing of 
lubricating oils; and the question of suitable materials 
will become more prominent as advantages to be 
obtained from the uses of low temperatures are more 
widely appreciated. Nickel-bearing steels and alloys 
apparently offer a suitable material for fabrication of 
vessels and parts for temperatures ranging from 0 to 
—400°F. More data are rapidly becoming available 
which will permit a judicious selection of materials 
for different applications. 


MIDDLE-TEMPERATURE RANGES 


Within the temperature range from about 32°F. to 
about 1400°F. the bulk of alloys finds its widest ap- 





* Ni-Resist. is an austenitic cast iron of the composition: total carbon, 
2.75-3.10 percent; silicon, 1.00-2.00 percent; nickel, 13.00-15.00 percent; 
copper, 5.0-7.0 percent; chromium, 1.25-4.00 percent; manganese, 1.00-1.50 
percent. It is non-magnetic, and may be identified by this property. 


plication. It is within this range that corrosion is a 
prominent factor in the destruction and early retire- 
ment of equipment. The corrosion encountered in 
refineries usually sharply changes with the presence 
or absence of water in the liquid form. When liquid 
water is present, alloys of the non-ferrous type play 
an important part in controlling corrosion; and it is 
within this region of temperature, under about 300°F., 
that Monel is used as the lining for condenser shells 
and overhead lines from fractionating towers, as 
orifice plates in refinery gases and other utility lines, 
as the swing cable used in connection with storage 
tanks, and as a protecting surface for manholes and 
heads of bubble towers. 

Condenser tubes offer one of the major problems 
in refinery metallurgy; as the organic and mineral 
acids accompanying the overhead material tend se- 
lectively to remove zinc from Admiralty and other 
copper-zine alloy tubes—and often the water used 
is quite destructive to these materials. Tubes contain- 
ing 70 percent copper with 30 percent nickel have 
made a good showing for themselves in a large east- 
ern refinery, and their service is being extended. 
These tubes are very resistant to sea water and 
alkalies, as well as to the organic and mineral acids 
of the overhead material. 

Ni-Resist* cast iron is becoming one of the most 
widely used nickel-bearing alloys employed in re- 
fineries. It finds application as a liner of reciprocating 
pumps and as the casing and impeller of centrifugal 
pumps handling naphtha, reflux, acid-treated stocks, 
re-gun material, acids, caustic, and a number of other 
materials. It is used as bubble caps and trays when 
intensely-corrosive conditions prevail, and has made 
an excellent showing in connection with the products 
of West Texas crudes. Valves used on the bottom of 
conical agitators have given excellent service when 
the body and gate are made of Ni-Resist and the 
trim is of Monel. Such valves are subject to a wide 
variation of concentration of acid as a result of the 
method of dumping of acid, and the ability of Ni- 
Resist to withstand attack by sulfuric acid over a 
fairly wide range is utilized. 

Within the temperature range above, say 300°F., 
attack by sulfur is often the major source of de- 
struction of metal parts. Chromium is the most ef- 
fective element in resisting sulfur attack at elevated 
temperatures, and the alloys containing 18 percent 
chromium with 8 percent nickel find application 
within this temperature region as the trim for valves, 
as tubes and headers of fired coils, as the protective 
lining of reaction vessels and towers, as bubble 
caps and trays, as well as in smaller parts such as 
thermocouple wells, bolts, etc. The tubing of heat 


TABLE 1 
Impact Values of 2.25 to 2.50 Percent Nickel Steels and Other Nickel Steels 








PHYSICAL PROPERTIES 





Ultimate Elonga- 
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Strength| Point 2 In. Hard- 
Carbon Nickel Copper | (Lb., per | (Lb., per| (Per- ness | Room| —50 —75 | —100 —15 —200 
TYPE (Percent) | (Percent) |(Percent)} Sq. In.) | Sq. In.) | cent) No. Temp.| °F. -. °F. ~ A a 
1 2.25 percent nickel steel*....| 0.20-0.30 | 2.00-2.50 cake 80,000 55,000 40 ee 35 21.8 om rio? or tr ae ee 
3 Heat Mo. LIGHT... 6. oce. 0.08 1.99 eae 61,500 47,000 40.5 121 63 ee 62 52-63 39-40 24-30 
3 Heat Id. BIG0RT... 2.05.85 0.09 1.52 0.70 64,900 51,000 36.8 131 56 soe 56 40-55 23-32 26-30 
+ NGGM SOM cas 5 i4 ie ce. oes 0.03 3.96 SPE ath Pre ea eOs ee Ee ee oan 150 my id a Sy 96 (—160 41 (—-220 
































1 Based on work reported by Aldridge and Shepherd, ‘‘Nickel Steel at Low Temperatures,’’ Metals and Alloys, June and July 1936. 
2 Laboratory studies, The International Nickel Co., Inc. 
Note: * Stress-relieved at 1,200 ° F. Commercial plate. Keyhole notch. 
+ Laboratory study. Aluminum-treated. Keyhole notch. 
t Keyhole notch. V-notch. Normalized at 1,600 ° F. 
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TABLE 2 
Impact Values of Yoloy at Sub-Zero Temperatures 





APPROXIMATE ANAL YSIS—(Percent) 


CHARPY IMPACT VALUES (Foot-Pounds) KEYHOLE NOTCH 





Carbon Nickel Copper 104 °F. 


32 °F. —13 °F. —58 °F. —103 °F. 





0.08 1.75 1.00 60 











51 38 30 18 























Data: The Youngstown Sheet and Tube Company. 


























TABLE 3 
Impact Values of Inconel, Monel, and Nickel at Sub-Zero Temperatures 
CHARPY IMPACT VALUES (Foot-Pounds) 
45-Deg. V-Notch 
Room 
MATERIAL STATE Temperature —112 °F. —310 °F. 

Inconel (80 percent nickel, 13 percent chromium, 7 percent iron, carbon, etc.)..| Hot-rolled................. 236 206 187 
Cold-drawn—center........ 33* 34* 28* 
Cold-drawn—outside........ 40* 38* 33* 
Annealed, 1,600 ° F......... 128 126 112* 

Monel (69 percent nickel, 29 percent copper). .............. cece cece wee eeee DE. cs cbewseavhieees 219 213 196 
Cold-drawn—center........ 161 143 131* 
Cold-drawn—outside........ 135 129 122 
Annealed, 1,400°F......... 215 219 207 

Re Re goat ehG Ga bee Casdeebace kta s ekceeemed ES rr ee 135 236 227 
Cold-drawn—center........ 185 205 210 
Cold-drawn—outside........ 190 236 208 
Annealed, 1,400° F......... 216 236 234 























* Specimen completely fractured. All other values are for only partly broken specimens. 


Research Laboratory, The International Nickel Company, Inc. 




















TABLE 4 
Impact Values of Cast Nickel Steel and Carbon Steel 
Physical Properties 
Chemical Composition Ultimate Charpy Impact Values (Foot-Pounds) 
(Percent) Tensile Yield Elonga- (Keyhole Notch) 
ee Strength Point tion in 2 |Reduction 
Manga- Phos- (Lb. per | (Lb. per Inches of Area 20 0 —50 —75 —150 
No. | Carbon | Nickel nese | Silicon | phorus | Sulfur | Sq. In.) Sq. In.) | (Percent) | (Percent) 2. oP. “2. “7. “FF. 
L-19 0.15 2.90 0.58 0.30 aie So 76,300 60,500 32.7 53.1 30 31 25 19 17 
3716* 0.18 a 0.67 0.40 ep a 62,000 41,200 32.2 45.1 22 15 6 oe ae 
3753* 0.14 nein 0.70 0.38 0.024 0.030 64,200 39,500 36.2 58.9 22.5 16.5 9 


















































* 1 pound of aluminum used per ton. 


exchangers to operate within the temperature zone 
above 300°F. offers a difficult problem. Some ex- 
changers designed to allow ample expansion have 
made highly-successful use of the 18 percent chrom- 
ium-8 percent nickel alloys, which are somewhat 
difficult to use in this service as a result of the com- 
paratively high thermal coefficient of expansion. On 
the West Coast some tubes of Inconel (80 percent 
nickel; 13 percent chromium), which possess ex- 
cellent resistance to sulfur by virtue of the chrom- 
ium content, have been tried with what appears to 
to be success. The coefficient of thermal expansion 
of Inconel is fairly close to that of carbon steel; 
and, as a result, the installation of these tubes does 
not offer as difficult a problem as in the case of 
alloys with higher coefficients of expansion. 


PUMPS AND COMPRESSORS 


Pumps play such an important part in refinery 
operation and maintenance that special attention to 
their metallurgy is justified. As has been previously 
pointed out, Ni-Resist is an excellent material for 
pump parts if gasoline, naphthas, acid-treated 
stocks, and re-run materials are being handled. For 
a reciprocating pump handling these materials, the 
following is suggested: 


Liner: Ni-Resist. 

Piston and rings: Ni-Resist. 

Rod: K Monel (full hardness). 

Valves: Monel (Durabla or similar type). 
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For a centrifugal pump: 


Casing and impeller: Ni-Resist. 
Shaft: K Monel. 
Wearing rings: S Monel. 


Hot-oil pumps are specialized jobs, and it will 
usually be found that the 18 percent chromium-8 
percent nickel alloys are widely used as the shafting 
and impellers of centrifugaljtype pumps. The plung- 
er-type pumps often utilize a high chromium (24 
to 28 percent) -nickel (12 percent) alloy in the 
valve construction. The material for the plungers 
sometimes contains 18 percent chromium with 2 
percent nickel and additional elements such as tung- 
sten and molybdenum. The matter of suitable plung- 
er material has never been satisfactorily worked 
out. Some attention has recently been given to sleev- 
ing plungers with heat-treated cast irons containing 
low percentages of nickel, chromium, and molyb- 
denum. The rather low resistance of this material 
to sulfur is causing it gradually to lose place to al- 
loys richer in chromium. The matter of handling 
acid sludge is constantly before the engineering 
groups of a large number of refineries. A suitable 
combination of material for a reciprocating pump to 
handle hot-acid sludge is given in the following: 


Liner: Cast S Monel. 

Rings: Monel in spring temper. 

Piston: Monel (cast or wrought). 
Rods: K Monel (full hardness). 


Refiner & Natural Gasoline Manufacturer—V ol. 17, No. 6 








FIGURE 2 


Ni-Resist Exchanger Parts. 
(Courtesy Kay-Brunner Products Company, Alahambra, California) 


Valves: High nickel alloys such as Hastelloy D, 
LaBour R-55, Illium, Pioneer Metal, Durimet L, 
or other similar alloys. 


The composition of some of the alloys mentioned 
above is given in Table 6. 


When lubricating oils are contacted with clay, a 
slurry is formed that is quite abrasive; and, if acid 
is present, which is often the case, this slurry is 
rather corrosive. To handle this material suitably, 
a pump and its parts must be highly resistant to 
abrasion and fairly resistant to corrosion. Heat- 
treated cast irons, containing approximately 1.5 per- 
cent nickel, 0.60 percent chromium, 0.40 percent 
molybdenum, can be brought to a hardness that 
makes them quite resistant to the abrasive action. 
The advantage of heat-treated cast irons is that the 
parts can be machined prior to hardening. When 
higher hardness is desired, as well as superior cor- 
rosion resistance to that obtained from the compo- 
sition given above, Ni-Hard* is used. Ni-Hard can 
be shaped only by grinding, which somewhat limits 





* Ni-Hard is a cast iron containing 4 to 6 percent nickel and 1 to 2.5 
percent chromium, and can develop Brinell hardness values up to 700. I+ 
is used when abrasion is a factor. 





FIGURE 3 


Chilling-Machine Fittings of Cast 2.50 Percent 
Nickel Steel for Use at Sub-Zero Temperatures, 
(Courtesy Lebanon Steel Foundry Company) 
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its usefulness. However, the art of casting this ma- 
terial to close tolerances is rapidly progressing, and 
centrifugal pumps suitable for handling slurries are 
available. 

Compressors handling refinery gases make use of 
Ni-Resist as the liner for both power and compres- 
sion ends, and they also employ Ni-Resist as the 
piston material in the compression end. Feather 
valves used in the compression end often contain 
Inconel for the flexing member. This material, by 
virtue of its high endurance limit and high resist- 


ance to corrosion has made a very fair showing. 
For other types of valve, Monel plates are used, 
with a high degree of satisfaction. 


HIGH-TEMPERATURE RANGES 
Tube supports and tube sheets, as well as flue 
ducts, dampers, and reaction vessels for use at tem- 
peratures above 1400°F., employ the high-chromi- 
um-high-nickel alloys. The two analyses that appear 
to be most widely in favor are: 25 percent chro- 
mium, 20 percent nickel; and 28 percent chromium, 


FIGURE 5 


Method of Applying Monel to Steel Plate. 
(Courtesy A. O. Smith Corporation) 
This type of clad plate used in fabrication of exchanger and condenser shells; also other refinery equipment. 
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TABLE 5 


Effects of Nickel on Strength of Chrome-Nickel Alloys 





at 1,800° F. 





































































































COM POSITION—(Percent) 
Chromium Nickel Silicon Carbon Total Elongation in 2 Inches in 475 Hours 
BE coins kG, 6d a Ea Wie, Sle ib OE SATE Laie One eae nea 26.2 4.17 1.25 0.37 Flow too rapid to record. Test concluded at once. 
. Ore ee ore be oe eee i Peed. ardeta® NaN, 25.9 10.97 1.40 0.36 0.05033 inch. 
cas car Ca ah eee oe oe ds eek oa cneadiste te ae hea 25.5 20.52 1.40 0.37 0.00667 inch. 
Note: Specimens stressed 3,000 pound per square inch. 
TABLE 6 
Approximate Compositions 
(All Figures in Percent) 

MATERIAL Nickel Copper Iron Chromium | Aluminum Silicon Manganese Carbon 
ERS EN ety Cie A ee ee ghee. en: a ewes 99.41 0.1 0.15 ee. 1 Bao 0.05 0.2 0.1 
Ne Malek Sie tes a iekin se aa ehd Cais OP aa a Rk ewe 67 30 1.4 ‘nan vain 0.1 1 0.15 
» et RRS err 9 CE a ee oe 66 29 1.5 ison 3 0.3 0.2 
Ore I phe ofa ls a a a aki sre ite ene Heeeclarete-etk > 65 29 2 abies dq 0.3 0.2 
ET EE: 2. 64-5 g.0c hee so eee ae Casa Kee es 66 29 0.9 ste 2.75 0.25 0.4 0.15 
Rtg PA! LOPLI PCIE 79.5 0.2 6.5 13 vide 0.25 0.25 0.08 

1 Including cobalt. 2 Available only in cast form. % Capable of being hardened to Brinell hardness No. 300+ by heat treatment. 

TABLE 7 
Some Recently Determined Results of Effects of Sulphuric Acid on Monel at Elevated Temperatures 
MR Lili otc h eam Claas eek Lat eee coeaetad 23 Hours 
| TE ROPES PTA pe Ay GAPE ey eee 15.5 ft. per minute 

Temperature, 140 ° F. Temperature, 203 ° F. Tomegmeme 

Areated Non-areated Areated Non-areated Areated 

Weight Weight Weight Weight Weight 
Acid Concentration (Percent by Weight) Loss* Loss* Loss* Loss* Loss* 

(Milligrams Per Square Decimeter Per Day) ‘a 
Bike orig bg Geno eel kek bad ig thd dea aes & a ho ee ee Rath k es aiais Cee ea Eee as sate 

i556 Sis SR en ERS eo ea eee Rahs ee ketene diate Re ake Ree eee 540 aaa 370 wy ee 
ES aisinigha'd piste OR Sd. CO ERE AA Eke OP FSR aes tka RE 530 35 360 65 5 oie 
Bw Skid cial ord 4k Siw Ghee Sica otk Gepsms Bare mua Tate pmo teaver Aiea eaters TCE te 350 be 390 ae aa 
ca So eh up arnreclar o bhp bdeal-aia rat edna gud Ga Mea a pha we XLS Pan ate ae Sin. peoa aia aia Rea Sarde meoe nA ME 20 eee 65 ote 
ARIES GSR OR OCA Fie eeeig te eee ob! Gee y oeegp URE ren See Mee peo AS AES, 270 Sate 400 ale ake 
NORE A ie lie i pte ih ae Aaron phe Ste ean PS Ney SLEEP A mye, ME ule ga tt 240 25 300 100 660 
RE St APR ER icales SE tao WR a oe Rae ech MeN ER ve oe ios 120 xis 460 ay 
ROR airy eee ee rae el AR ce ty a mena etn sale tips A ATRL E ne aah eat 590 oe 700 oie 
Mal Sesoel ondiend cad pd ante aee ee INE cite ee oO RISEN a. disld bt ete ae Mente Oe caarereterel ae 200 wks 500 
RR RT air neotie OMN ane pee en tn Marae rT ee Cpe a ne Py tw 8 900 OF 820 ae 
Oe Se Pe Se re Oe MAT ee On Mrmr ent oy eaten 710 740 1,400 990 




















* Note: To convert M.D.D. to inches per year multiply by 0.000164. 


12 percent nickel. These, and similar compositions 
in which the chromium predominates, are highly 
resistant to oxidation and to the sulfur contained in 
the fuels burned. The presence of nickel enhances 
the oxidation-resisting qualities, and imparts a de- 
sired improvement in strength, as evidenced by 
short-time and creep tests. The alloys used in con- 
nection with the fired coils are usually designed to 
operate at 1600° F. However, they must possess 
sufficient reserve of the strength and resistance to 
oxidation to permit severe overheating during a 
time when a tube ruptures. The effect of nickel 
upon the strength of heat-resisting alloys was dem- 
onstrated in a test carried out in the laboratory of 
The International Nickel Company, Inc., during 
which specimens held at 1800° F. were stressed to 
3000 pounds per square inch and the rate of flow 
noted during a given time. The results are recorded 
in Table 5. 
SPECIAL REAGENTS 

Certain reagents of importance to refiners have 
been investigated from the standpoint of their effect 
upon Monel, nickel, and nickel-bearing alloys; and 
some results are reported in the following: 


SULFURIC ACID 


In addition to normal acid treating, refiners make 
use of sulfuric acid as a solvent for separating cer- 
tain constituents which can be later converted to 
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high-octane material. An investigation, therefore, was 
carried out in connection with the reaction of sulfuric 
acid at elevated temperatures on Monel. The results 
are given in Table 7. 


HYDROCHLORIC ACID 


While hydrochloric acid as such has not entered 
the refineries as an important reagent, it is some- 
times formed as a by-product during chlorination or 
as a break-down product of some reagent. The resist- 
ances of Monel and nickel to hydrochloric acid are 
given in Figure 4. 


PHOSPHORIC ACID 


Considerable investigation of phosphoric acid leads 
to the conclusion that the 18 percent chromium-8 per- 
cent nickel alloy, containing at least 3 percent molyb- 
denum, is the most resistant of the commercially- 
available wrought alloys. The high-nickel cast alloys 
—which contain chromium, molybdenum, and other 
alloying elements, such as Illium, LaBour G-60, and 
similar alloys—offer a higher resistance to phosphoric 
acid; and, although available only in the form of 
castings, can be used for valve trims, valve and pump 
parts, and in a variety of other locations. The 18-8-3 
alloy has not been successfully pierced, but there is 
available on the market a modified composition of 
16 percent chromium, 13 percent nickel, 3 percent 
molybdenum which is available in tubular form. 
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Tubes welded from 18-8-3 have given excellent serv- 
ice in resisting organic acids. 


NAPHTHENIC AND ORGANIC ACIDS 


The 18 percent chromium-8 percent nickel-3 per- 
cent molybdenum alloy is probably the most out- 
standing commercial wrought material to resist these 
acids. Monel has shown a high order of resistance 
to the naphthenic acids encountered in crude oils, and 
can be successfully used whenever the temperature 
does not exceed 300° F. Above this temperature range 
sulfur attack may take place upon the Monel and, 
therefore, the 18-8-3 will be found more generally 
satisfactory. One important application for bolts of 
Monel or 18-8-3 is in connection with the hold-down 
strips which fasten the bubble caps to trays. Organic 
or naphthenic acids appear selectively to attack steel 
hold-down bolts, with the result that caps are re- 
leased and the efficiency of the tower impaired. 


CHLORINATED SOLVENTS 


A number of refineries make use of chlorinated 
solvents, and it has been found that these solvents 
tend to decompose in the presence of steam and iron 
oxide. Monel has been found by experiment to be 
quite resistant to the acid liberated by the break- 
down of the solvent; it also tends to inhibit the 
breakdown. 


PHENOL, CRESYLIC ACID, FURFURAL, AND 
OTHER ORGANIC SOLVENTS 


It has been found in some cases that attack upon 
carbon steel is to be expected when using the above 
organic solvents. The 18 percent chromium-8 percent 
nickel alloys are highly resistant to these solvents, 
and are particularly useful in the locations where the 





solvents are recovered from the finished products. 
Monel and nickel are both highly resistant to these 
organic solvents, and Monel is employed to protect 
parts of towers used in connection with the recovery 


of solvents. 
CHLORINE 


Chlorination of hydrocarbons is becoming of in- 
creasing importance in refinery circles. The equip- 
ment in which the reaction of chlorination is carried 
out is usually either of pure nickel or of nickel-clad 
steel. The nickel offers a high resistance to the re- 
acting materials and by-products. 


TESTING 


Regardless of the background of experience ac- 
cumulated to date, it is practically impossible to 
predict accurately the life and behavior of metals in 
refinery equipment where variations in the technique 
of operation are taking place. It has been found most 
suitable to cooperate with the metallurgical groups 
in refineries and, by a method of exposing standard 
test specimens, to work out the material most suit- 
able for a given installation. A corrosion test spool, 
such as described by H. E. Searle and F. L. LaQue,? 
has been prepared by the engineering group of the 
Development and Research Division of The Inter- 
national Nickel Company, Inc., and is available to re- 
finery engineers. These spools, containing ferrous 
and non-ferrous specimens of nickel-bearing and non- 
nickel-bearing meterials, allow a study under operat- 
ing conditions; they have resulted, in a number of 
cases, in the satisfactory selection of materials. 


BIBLIOGRAPHY 


1H. E. Searle and F. L. LaQue, “Corrosion Testing Methods,’ Prac. 
Am. Soc. Testing Materials, 35 [Pt. II] 249-60 (1935). (Reprinted in 
Bull. T-10, The International Nickel Co.. Inc.) 


Identification and Properties of Straight-Run 


And Cracked Residua 


effect being more pronounced than with addition of 
even the most aromatic solvents or cutters in like 
amounts. Keeping in mind the high molecular weight 
of the asphalt, and the colloidal nature of the sys- 
tems with which we are dealing, it must be con- 
cluded that the effect is due to protective rather than 
solvent action. 

The effect upon heater-coating indices of addition 
of straight residual fuels, therefore, depends upon 
the relationship between the solvent or protective 
action of the residual component and the precipitat- 
ing tendency of the oil portion. In Figure 5 will be 
found illustrated the blending relationship of average 
California straight-residual and cut-back fuels, with 
typical cracked-tar fuels—the asphalt contents being 
expressed as 80-penetration residue, ASTM D-243. 

The protective action of straight-run asphalt is due 
mainly to the so-called “oil resins” and the lighter 
asphaltic constituents. Gilsonite, which consists 
largely of resins and asphaltenes, and which unlike 
most mineral asphalts (asphaltites) is essentially 
completely soluble in cyclohexane, is a powerful pro- 
tective agent. Further evidence that it is the lighter 
asphaltic components that contribute to stability is 
the existence of a definite relationship between the 
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[Continued from page 282] 


efficacy of asphalts as protective agents and their 
content of isopentane-insoluble resins. 


CONCLUSIONS 


The percent cyclohexane-insoluble less the percent 
benzol-insoluble may be used as a quantitative meas- 
ure of the cracked-residuum content of fuels and 
asphalt. In those few instances where cracked tars 
are undesirable, as for instance in fuels which are to 
be severely cut back, a reasonable specification limit 
offers an effective safeguard, and avoids unnecessar- 
ily severe restrictions on gravity or sediment con- 
tents. As is pointed out, much the same procedure 
can be used for the estimation of cracked residuum 
in air-blown asphalts. 


In the case of residual stocks of unknown com- 


position, analysis enables establishment of the pre- 
ferred blending procedure or use. 


BIBLIOGRAPHY 


1A. H. Batchelder, “The Stability of Residual Fuels,” Proc. API, 17 
[III] 17-27 (1936). 

2G. L. Oliensis, “Qualitative Test for Determining the Degree of 
Heterogeneity of Asphalts,” Proc. Am. Soc. Testing Materials, 33 Part II, 
715-21 (1933). 

*G. L. Oliensis, ‘A Further Study of the Heterogeneity of Asphalt— 
A Quantitative Method,” Proc. Am. Soc. Testing Materials, 36, Part II, 
494-507 (1936). 
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Forty-First A.S.T.M. 


Annual Meeting 


URING the week of June 27 to July 
1, inclusive, the Forty-first Annual 
Meeting of the American Society for 
Testing Materials will be held at Chal- 
fonte-Haddon Hall, Atlantic City, N. J. 
To provide sufficient time for the pres- 
entation and discussion of the some 100 
technical papers and reports on the pro- 
gram, some 18 formal sessions are be- 
ing scheduled. These sessions are de- 
veloped so that the papers and reports 
covering specific materials fields and 
topics will be grouped. 

The outstanding feature of the meet- 
ing is to be a Symposium on Impact 
Testing. Other interesting groups of 
papers to which separate sessions will 
be devoted involve radiographic testing, 
and water for industrial uses. 


Symposium on Impact Testing 


The Symposium on Impact Testing is 
being developed jointly by the A.S.T.M. 
and the American Welding Society 
through its Welding Research Commit- 
tee (jointly sponsored by the A. W. S. 
and the American Institute of Electrical 
Engineers). Two sessions of the meet- 
ing will be devoted to the several pa- 
pers covering specific topics. 

The symposium will be an effort to 
present an integrated series of papers 
covering the basic theories underlying 
impact tests, data on the factors affect- 
ing impact, and papers covering the 
practical application of impact tests to 
metals, organic plastics and welds. The 
symposium is prompted by the extraor- 
dinary interest in the subject. It has 
been developed that the impact problem 
consists of three related. effects, (1) 
shape or notch effects, (2) velocity 
effects, (3) temperature effects. The 
symposium will contain papers treat- 
ing each effect from the standpoint of 
homogeneous materials and also for 
welds and a discussion of the basic 
theory underlying all three. In addi- 
tion papers will be presented on the 
practical application and utility of im- 
pact testing in the prevention of fail- 
ures in use. 

Some of the questions which it is ex- 
pected the symposium will clear up or 
at least give partial answers to are the 
following: What is the purpose of an 
impact test? Does it measure notch 
sensitivity, or velocity sensitivity, or 
some other property of the material? 
To what extent have impact tests been 
successful in commercial practice in 
weeding out unsatisfactory material? 
While much of the work done in the 
last few years may not enable definite 
answers to these questions, it is felt 
the symposium will be a particularly 
advantageous one in presenting a re- 
view of just where various problems 
stand. 

Broadly, the svmposium will be an 
authoritative review of our present 
knowledge on impact failures and meth- 
ods of test. 


Water for Industrial Uses: 

Another complete session of the 
ieeting will be devoted to a series of 
* pers on water for industrial uses. 
T ypics to be covered in this session in- 
clude embrittlement testing of boiler 
waiters, referee and field methods for 
determining dissolved oxygen in water, 
determination of sodium in water sup- 
plies by an indirect method, removal of 
dissolved salts from water by exchange 





The Look Box 


filters, etc. A. S. T. M. Committee D-19 
on Water for Industrial Uses, and the 
Joint Committee on Boiler Feedwater 
Studies are cooperating in the develop- 
ment of this part of the program. 








Radiographic Testing: 

The newly organized A. S. T. M. 
Committee on Radiographic Testing 
(designated Committee E-7) is devel- 
oping a series of papers covering per- 
tinent topics in this field. In addition 
to the subjects “quantitative gamma ray 
radiography, radiographic testing—its 
uses, abuses, and limitations,” and “sec- 
ondary radiation in the radiography of 
aluminum, steel and lead,” certain other 
topics are being considered. 


Other Topics: 


Metals — Several interesting papers 
covering the properties of metals as 
affected by temperature and fatigue are 
scheduled. Some of these will cover 
problems of the relation of actual grain 


Conventions 








6 Oil Workers International Union, 
Houston, Texas. 


6-9 American Society of Mechanical 
Engineers, National Oil and Gas 
Power Meeting, Dallas, Texas 


12-17 | Society of Automotive Engineers, 
Summer Meeting, The Green- 
briar, White Sulphur Springs, 
West Virginia. 


16-18 | Pennsylvania Grade Crude Oil 
Association, Pittsburgh, Pa. 


20-24 | American Society of Mechanical 
Engineers, St. Louis, Mo. 





JUNE 
21- American Society for Testing 
JULY Materials, Annual Meeting, 
1 Chalfonte-Haddon Hall, Atlantic 
City, N. J. 
SEPT. 


5-9 American Chemical Society, 
Milwaukee, Wisconsin. 


14-16 | National Petroleum Association, 
a Traymore, Atlantic City, 





6-7 Society of Automotive Engineers, 
National Regional Fuels & Lubri- 
cants Meeting, Tulsa, Oklahoma. 


19-21 | Independent Petroleum Association, 
of America, Tulsa, Oklahoma. 





NOV. 
14-18 | American Petroleum Institute, 
Stevens Hotel, Chicago. 





DEC. 
4-9 Exposition of Chemical Industries, 
Grand Central Palace, New York. 


4-9 American Society of Mereonient Engi- 
neers, Philadelphia, Pa. 
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size to creep strength, temperature 
measurement and control in creep test- 
ing, effects of elevated temperatures on 
fatigue properties, and the problem of 
over-stressing and understressing in 
fatigue. 

Other papers in the metals field will 
cover physical properties of four low 
alloy high-strength steels, and surface 
cracks on large 18 percent chromium, 
8 percent nickel alloy steel castings. 

In the field of cast iron there will 
be technical contributions pertaining 
to effect of size and type of specimen 
on the torsional properties, hardness 
measurement of very hard chilled cast 
irons and hardened tool steels, and 
a paper on the properties and uses of 
chilled iron. 

The annual reports of Committee A-5 
on Corrosion of Iron and Steel and 
Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys will include 
valuable data which have been devel- 
oped in their extensive research pro- 
grams. Problems encountered in meas- 
uring the thickness and weight of coat- 
ings of hot-dip galvanized castings and 
forgings are to be outlined in an im- 
portant paper. 

Non-Metallic Materials——In addition 
to a large number of committee reports, 
there will be numerous papers covering 
non-metallic materials, including con- 
tributions on the freezing-and-thawing 
test for building brick, and effect of 
shape of specimens on the apparent 
compressive strength of brick masonry. 
The effect of using a blend of portland 
and natural cement on the physical 
properties of mortar and concrete will 
be covered and drying shrinkage of 
concrete as affected by many factors 
will be described; also short-time creep 
tests of concrete in compression and 
hard strength between concrete and re- 
inforcing steel. The grading-density re- 
lations of granular materials, and a 
study of the Wagner turbidimeter will 
be presented. 

Other subjects to be covered in vari- 
ous sessions will include the effect of 
sulfur on the properties of asphalts. 

In the field of general testing and 
related topics there is to be a paper 
outlining the uses of statistical methods 
as an aid in revising specifications. The 
examination of metals tn polarized 
light will be discussed and means of 
measuring Young’s modlus of elasticity 
by sonic vibrations will be described. 

In the field of petroleum will be cov- 
ered studies in the oxidation of mineral 
transformer oil, and an accelerated test 
for determining chemical stability of 
lubricating greases. 


Bunn Heads 
Natural Gas Group 


EORGE P. BUNN, Phillips Petro- 

leum Company, Bartlesville, has 
been named chairman of the 1938 Group 
2 Sub-Committee on Natural Gas (wet 
or dry) of the Central Committee on 
Measuring, Sampling, and _ Testing 
Natural Gas and Natural Gasoline of 
the American Petroleum Institute’s Di- 
vision of Production. The appointment 
was announced by F. E. Rice, chairman 
of the Central Committee. Membership 
of the committee includes: 

M. A. Abernathy, Union Producing 
Company, Houston; M. J. Adams, The 
Texas Company, Fort Worth; W. B. 
Berwald, U. S. Bureau of Mines, Bart- 
lesville; 'G. H. Bollman, Sun Oil Com- 
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pany, Dallas; G. M. Davidson, Natural 
Gas Pipe Line Company of America, 
Chicago; Gilbert Estill, Oklahoma 
Natural Gas Corporation, Tulsa; F. D. 
Frank, Cities Service Gas Company, 
Bartlesville; W. F. Fulton, Union Pro- 
ducing Company, Houston; 

M. L. Haider, The Carter Oil Com- 
pany, Tulsa; Earl Kightlinger, Arkan- 
sas Louisiana Gas Company, Shreve- 
port; E. C. LeFevre, Cities Service Oil 
Company, Bartlesville; W. H. Meir, 
The Atlantic Refining Company, Dal- 
las; E. L. Rawlins, Union Producing 
Company, Houston; W. E. Reardon, 
Columbian Gasoline Corporation, Mon- 
roe, La.; G. B. Reece, Southern Coun- 
ties Gas Company, Los Angeles; L. G. 
Rheinberger, Sinclair Prairie Oil Com- 
pany, Tulsa; and F. M. Seibert, Gulf Oil 
Corporation, Houston; 

Don Sillers, Lone Star Gas Company, 
Dallas; J. B. Taylor, Signal Oil & Gas 
Company, Los Angeles; R. D. Turner, 
Skelly Oil Company, Tulsa; P. G. 
Weidner, Stanolind Oil & Gas Com- 
pany, Tulsa; D. E. West, Magnolia 
Petroleum Company, Dallas; B. G. Wil- 
liams, Southern California Gas Com- 
pany, Los Angeles; D. M. Wolfe, 
Standard Gasoline Company, San Fran- 
cisco; and William Young, The Texas 
Company, Los Angeles. 

Sub-committee 2-A—Analysis: Chair- 
man, D. M. Wolfe, G. M. Davidson, 
E. L. Rawlins, and W. A. Simkins. 

Sub-committee 2-B—Gas Measure- 
ment: Chairman, Don Sillers, G. H. 
Bollman, F. D. Frank, Earl Kight- 
linger, W. E. Reardon, D. E. West, and 
D. M. Wolfe. 

Sub-committee 2-C—Sampling: Chair- 
man, B. G. Williams, M. A. Abernathy, 
E. L. Rawlins, and G. B. Reece. 

Sub-committee 2-D—Forms: Chair- 
man, R. D. Turner, Gilbert Estill, and 
B. G. Williams. 

Sub-committee 2-E— Gasoline con- 
tent of Natural Gas: Chairman, E. C. 
LeFevre, W. F. Fulton, M. L. Haider, 
L. G. Rheinberger, F. M. Seibert, P. G. 
Weidner, and William Young. 


Sub-committee 2-F—Open Flow 
Testing of Gas Wells: Chairman, W. B. 
Berwald, M. J. Adams, and F. D. Frank. 


Forecast Motor Fuel, Crude 
Oil Demand, June, 1938 


HE daily average supply of domestic 

crude oil estimated by the Bureau of 
Mines to meet the market demand in 
June, 1938, is 3,333,300 barrels. This is 
15,200 higher than the estimate for May, 
1938, 193,800 (5.5 percent) less than 
the actual daily production for June, 
1937, and 5 percent less than the de- 
mand for domestic crude for that 
month. The reduction in the demand 
for crude, as compared with last year, 
is due to the necessary liquidation of 
surplus refined stocks, particularly of 
gasoline, as well as to further evidence 
of a sharp decline in the demand for 
residual fuel oils, which is particularly 
notable in the California market area. 

Crude-oil production during the four 
weeks April 9 to May 7 averaged 3,413,- 
000 barrels daily. During this period 
stocks declined 1,808,000 barrels, 456,000 
barrels of which was in foreign stocks, 
leaving a decline of 1,352,000 barrels 
for domestic grades. The addition of 
this amount to production gives 3,461,- 
000 barrels as the apparent daily aver- 
age demand for domestic crude oil. 
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Daily average crude runs to stills were 
3,149,000 barrels during this period, or 
approximately the amount estimated for 
both domestic and foreign crude in the 
April forecast. Consequently the unex- 
pected demand for almost 100,000 bar- 
rels daily must be attributed either to 
abnormal exports, transfers, losses, or 
to an increase in stocks of heavy crude 
in California. 


Motor Fuel 


Domestic demand.—The estimate for do- 
mestic motor-fuel demand for June, 1938, 
is 48,100,000 barrels, or 1 percent lower 
than the actual demand for June, 1937. 

Exports. — Motor-fuel exports, based 
upon returns by exporters, have been 
estimated as 3,400,000 barrels, or 300,000 
barrels higher than the estimate for 
May, and 315,000 barrels higher than 
the actual exports for June, 1937. 

Stocks. — Stocks of finished and un- 
finished gasoline amounted to 92,320,000 
barrels on March 31, 1938. According to 
statistics of the American Petroleum 
Institute, these stocks declined 1,843,000 
barrels during April, bringing them to 
approximately 90,500,000 barrels on 
April 30. The heavy shipments in June 
in anticipation of summer gasoline de- 
mand will enable refiners to reduce 
their stocks materially if crude runs to 
stills are kept at a low figure. Accord- 
ingly, the Bureau estimates that gaso- 
line stocks will decline 6,550,000 barrels 
in June, 1938, compared with an actual 
decline of 4,660,000 barrels in June, 1937. 


Gasoline production—Benzol and “di- 
rect” sales and losses of natural gaso- 
line have been estimated as 950,000 bar- 
rels, making the estimated production 
of gasoline 44,000,000 barrels. This is 
distributed among the various districts 
as follows (thousands of barrels): East 
Coast, 6310; Appalachian, 1510; Indi- 
ana-Illinois, 7830; Oklahoma, 2110; 
Kansas-Missouri, 2360; Inland Texas, 
3540; Texas Gulf Coast, 11,060; Louisi- 
ana Gulf Coast, 1380; North Louisianaa 
Arkansas, 940; Rocky Mountain, 1090; 
California, 5870. 





Crude Petroleum 


Runs to stills—Natural-gasoline con- 
sumption at refineries in June is esti- 
mated as 5.8 percent of the total gaso- 
line required, or 2,560,000 barrels. The 
yield of straight-run and cracked gaso- 
line-is estimated as 44.0 percent, com- 
pared wtih 43.5 percent for June, 1937. 
The application of this yield to the esti- 
mated straight-run and cracked gaso- 
line production of 41,440,000 barrels 
gives refinery crude-oil requirements as 
94,100,000 barrels, or 3,136,700 barrels 
daily. 

Foreign crude runs.— Foreign crude 
runs to stills are estimated at 2,200,000 
barrels, 100,000 barrels more than esti- 
mated for May. 


Exports, fuel, and losses—The esti- 


mate for crude-oil exports on the basis’ 


of returns from exporters has been de- 
creased 100,000 barrels from the May 
estimate to 6,000,000 barrels. 


Crude oil demand by States.—The break- 
down of the total estimated daily de- 
mand for domestic crude oil of 3,333,- 
300 barrels gives the following market 
demand by States of origin. As demand 
may be supplied either from stocks or 
from new production, any contemplated 
withdrawals from crude-oil stocks must 
be deducted from the Bureau’s esti- 
mate of demand to determine the 
amount of new crude to be produced. 
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Penn Grade Group to 
Meet at Pittsburgh 


HE Pennsylvania Grade Crude Oil As- 

sociation will hold its fifteenth annual 
meeting in the city in which it was organ- 
ized. A two-day program has been ar- 
ranged for the association which includes 
crude oil producers, refiners, and marketers 
and jobbers of Pennsylvania oils in its 
membership. 

On the list of speakers are a United 
States senator, a president of an automo- 
bile manufacturing company, marketing 
and advertising authorities, a trade journal 
publisher, in addition to several technical 
men who will discuss more specific phases 
of the industry. The association was or- 
ganized in Pittsburgh in 1923; the head- 
quarters offices are in Oil City. 

W. F. Clinger, a producer and refiner of 
Warren, Pennsylvania, is president of the 
organization for the current year and will 
preside at the opening session. His address, 
a report of the past year, will be delivered 
at this session. 

Current merchandising problems will 
feature the topics of most of the addresses. 
Men who will speak on this subject are 
Senator Clyde L. Herring of Iowa, who is 
president of a Des Moines oil company 
which is a member of the organization; 
Charles C. Parlin of the Curtis Publishing 
Company, Philadelphia; Warren C. Platt, 
publisher of the National Petroleum News, 
Cleveland; and John Toigo of the Chicago 
office of Batten, Barton, Durstine & Os- 
born, Inc., an advertising agency. 

Harry G. Moock of the Plymouth Motor 
Company, Detroit, will discuss the sales 
outlook in the automobile field. The most 
recent developments in the refining indus- 
try will be the topic of an address by Dr. 
F. L. Carnahan of the Pennsylvania State 
College. The college has maintained a re- 
search program in refining for the past 
ten years, and the results of these investi- 
gations will form the basis for this ad- 
dress. Another technical subject, that of 
oil reserves, will be discussed by Dr. R. 
E. Sherrill of the University of Pitts- 
burgh. Dr. Sherrill is in charge of a por- 
tion of the geological survey being made 
by the Commonwealth. C. B. McClintock, 
an Oil City geologist and petroleum engi- 
neer, will cooperate with Dr. Sherrill in 
the preparation of this paper. 

Fayette B. Dow, Washington, D. C., 
vice president and general counsel of the 
association, will discuss some aspects of 
the legislative situation in his address at 
the closing session. Directors to serve for 
the coming year will be chosen at the final 
session. 


Pure Hydrocarbons 
Available 


ECENT studies on the composition of 

petroleum have shown that naphthene 
hydrocarbons are very prevalent and very 
widely distributed in all petroleums. Fenske 
and his co-workers have shown that likely 
the most common of these hydrocarbons 
is methylcyclohexane. In view of the fact 
that petroleum is such an abundant source 
of these naphthene hydrocarbons, there is 
already considerable interest arising in 
their properties, uses and chemical reac- 
tions. To cooperate with investigators in 
the petroleum industry and elsewhere the 
Rohm & Haas Company, 222 West Wash- 
ington Square, Philadelphia, has made 
available cyclohexane and methyl cyclo- 
hexane in very high purity, prices ranging 














ABRASIVE CRUDE. Continuous 
service at pressures of 1]00 p.s.i. 
moving 750° F. crude containing 
abrasive coke and sediment yet, 
says Byron Jackson Co., Los 
Angeles, maker of this turbine- 
riven pump at left, “First in- 
spection of Nickel cast iron inner 
case, after nine months’ use, 
shows no noticeable effects of 
either corrosion or erosion.” 


MIDCONTINENT. Oil condenser 
lines, raw, cracked gasoline, un- 
treated light straight-run gaso- 
line—you know how these uses 
destroy pipings and valves of 
plain iron. But not Ni-Resist, the 


sk patented Nickel cast iron. “For 
N |. & F § i S T petroleum refineries . . . by far 
the best alloy of any kind... 


biti es ts teil eas is - Ni-Resist trim has given much 
international Mishel Os., Ies., s,s & A Rs better service than other ma- 
er : terials tried,” writes Walter Koch 

Engineering Co., about Ni-Resist 

castings (below) produced by the 

Carondelet Foundry, St. Louis. 


CHEMICALS. Handling corrosives for 
Carbide and Chemicals Co., South Charles- 
ton, W. Va., these A.C.F. valves of fine- Mae Saha CI Fk Re me eee 
grained Nickel-chromium alloy iron are Te si wiecuitys 


ee 


easily machined to close limits to retain 
pressure tightness, despite temperature 
changes. Plug valves that stay tight, resist 
corrosion,and require no auxiliary packing, 
are produced by American Car & Foundry 
from a dense Nickel-chromium iron. 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., new YORK, N. Y. 
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from $4.00 to $8.00 per gallon dependent 
on quantity. It is believed that a great 
many workers in the fields of chemical and 
petroleum technology will wish to avail 
themselves of this source of the hydro- 
carbons, 


A.S.M.E. Assembles 
Creep Data 


HE American Society of Mechanical 

Engineers, 29 West 39th Street, New 
York, is making available to engineers the 
first really comprehensive assembly of 
Creep Data on wrought and cast carbon 
and alloy steels including stainless steels, 
cast iron and some nonferrous metals, ac- 
cording to preliminary announcement from 
the society. 

Creep properties may vary considerably 
for different steels and metals. The de- 
formation characteristics and _ strength 
properties of metals change with temper- 
ature. For example, continuous flow 
(creep) occurs in service under steady 
loads above certain temperature ranges, 
which depend upon the metal. Engineers 
designing equipment or using metals at 
elevated temperatures must, therefore, 
have a knowledge of their creep charac- 
teristics for determining the stresses 
which may be safely and economically 
employed for different types of equip- 
ment. Books and technical periodicals have 
reported the results of many investigations 
but much data of values have remained 
unpublished. 

Now leading laboratories of this coun- 
try and Europe have released to the Joint 
A.S.T.M.-A.S.M.E. Research Committee 
on Effect of Temperature on the Proper- 
ties of Metals’ hitherto unpublished data 
including more than 300 creep tests. This 
information has been coordinated with 
published data assembled by the commit- 
tee for publication this month. The book, 
over 900 pages in length, will present 430 
sheets of test data, 270 graphs and 73 
tables. The society advises that this will 
be a limited edition and that advance or- 
ders at the prepublication price of $10.00 
will determine the number of books in the 
edition. Price after publication is $12.00, 
and orders should be sent to the American 
Society of Mechanical Engineers, 29 West 
39th Street, New York. 


Dew-Point Apparatus Aids 
Operation of Gas Lines 


FFICIENCY of operation of natural 

.gas transmission lines should be 
increased as the result of the develop- 
ment of a dew-point apparatus suitable 
for use with natural gases under pres- 
sure, by the Bureau of Mines, Depart- 
ment of the Interior. The temperature 
to which a gas may be cooled before 
water will begin to condense may be 
determined with this apparatus. This 
information is useful in the prevention 
of water condensation, which interferes 
with the flow of gas in the lines and, 
in combination with constituents of the 
gas, may form solid gas hydrates. 

All. natural gas, as-it is produced 
from the well, carries some water in 
the form of vapor. The dew point, or 
temperature at which this water vapor 
will start to condense, frequently is 
higher than the temperature of the pipe 
line it enters. When this condition 


exists, some of the water vapor will 
condense to liquid as the temperature 
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of the gas drops to the temperature 
of the pipe line. The apparatus just an- 
nounced by the Bureau of Mines is use- 
ful in determining the dew point of the 
gas at the well head or along the pipe 
line, thus making it possible to know 
whether there is any likelihood that 
water will condense from the gas. 

The gas from a compressor station 
usually is saturated with water vapor 
at a temperature considerably above 
the temperature of the pipe line it en- 
ters; consequently unless the gas is 
dried a considerable amount of water 
is likely to condense in the line. Many 
pipe-line companies are installing equip- 
ment to remove a part of the water 
vapor in the gas to avoid condensation 
in their transmission lines. The dew- 
point apparatus is of value in deter- 
mining the efficiency and correct ad- 
justment of such equipment. 

The apparatus is suitable for working 
pressures up to 2500 pounds per square 
inch, but is equally satisfactory for use 
at lower pressures. It is simple in de- 
sign, compact, readily portable, and 
easily operated. Dew points may be 
determined with an accuracy of 0.2° F. 

The dew-point apparatus is described 
in Report on Investigations 3399, en- 
titled “Bureau of Mines Apparatus for 
Determining the Dew Point of Gases 
under Pressure,” by W. M. Deaton and 
E. M. Frost, Jr., of the Bureau’s oil 
and gas laboratory at Amarillo, Texas. 
This report may be obtained without 
cost from the Bureau of Mines, Wash- 
ington, D. C. 


Elimination of Hydrates 
from Gas Pipe Lines 


exer dehydration of natural gas, 
or, if that process is not available, 
operation of the pipe-line system at 
least once every few days at line pres- 
sures low enough to favor decomposi- 
tion of gas hydrates are remedial meas- 
ures recommended by the Bureau of 
Mines, United States Department of the 
Interior, in its latest progress report 
on a study of the hydrate problem in 
natural gas transmission lines. Hy- 
drates, due to formation of solid ma- 
terial at temperatures above the freez- 
ing point of water, cause stoppages in 
gas transmission lines and interfere 
seriously with the flow of gas. 

This study, which is being conducted 
in cooperation with the Natural Gas 
Department, American Gas Association, 
has progressed along four lines of at- 
tack, namely, review of the literature, 
field study of the problem, laboratory 
investigation of the physical and chem- 
ical properties of gas hydrates, and 
study of methods suitable for prevent- 
ing or relieving freezeups in natural- 
gas pipe lines. Recently reviewed arti- 
cles are cited in the report by W. M. 
Deaton and E. M. Frost, Jr., chemists 
of the Petroleum and Natural Gas Divi- 
sion, Bureau of Mines, presented before 
the meeting of the Natural Gas Depart- 
ment of the American Gas Association 
at New Orleans, La., May 9-12. Some 
of the articles reviewed furnish data 
for the International Critical Tables 
and others deal with rare gas hydrates 
such as the hydrates of argon, krypton, 
an 1 xenon. 

Pressure and temperature surveys of 
pipe lines are being made. The report 
points out, with reference to data ob- 
tained from actual pipeline operation, 
that a pressure-temperature record used 
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in connection with a hydrate melting- 
point curve for the gas, will indicate 
the proximity or presence of conditions 
favorable to hydrate formation. With- 
out the pressure record, constriction in 
the line caused by hydrates may be 
passed unnoticed. 


Both laboratory and field tests show 
that hydrates begin to break down al- 
most immediately following a reduction 
of pressure to a value below the decom- 
position pressure. Accordingly, if pipe- 
line pressure does not go through a 
daily cycle, during which it drops be- 
low the hydrate decomposition pres- 
sure, the pipe line might be operated 
advantageously in a manner that would 
permit weekly or bi-weekly reductions 
of line pressure to a value below hy- 
drate decomposition pressure —thus 
freeing the line for greater and more 
efficient throughput. 

Most of the hydrate decomposition 
curves, as determined by experimental 
work in the laboratory, plot as straight 
lines on semi-log cross section paper. 
Those for natural-gas hydrates are pa- 
rallel. The slope of these lines, for 
which an empirical equation has been 
determined, is constant for all natural 
gases investigated. 

Future work under the program in- 
cludes the collection of data on the 
composition of the hydrates as they 
exist under pressure and in equilibrium 
with the gas from which they are 
formed. It is desirable from a practical 
operating viewpoint to find some cor- 
relation of the hydrate-forming charac- 
teristics with the properties of the gas 
from which the hydrates are formed. 


Bureau Issues Study 
of Distillate Wells 
PORELIMIBARY results of a study of 


the phase relations of fluids in a 
deep high-pressure, high-temperature 
reservoir of gas and light gravity hy- 
drocarbon liquid were discussed in a 
report made public by the Bureau of 
Mines, Department of the Interior, at 
the convention of the Natural Gas De- 
partment, American Gas Association, 
New Orleans, La. A study of well per- 
formance and liquid recovery at several 
rates of fluid delivery, and analyses and 
measurement of physical properties of 
fluid samples taken under § stabilized 
conditions of pressure and flow gave 
the data essential to the investigation. 


Knowledge of the phase relations of 
the fluids that exist in the porous spaces 
of rocks constituting natural petroleum 
reservoirs and of the behavior of these 
fluids under various field conditions of 
operation is essential to the conserva- 
tion of petroleum and natural gas and 
to their efficient recovery. The problem 
of determining whether these fluids are 
in the liquid or gaseous state and of 
recognizing the transitions that may 
take place as the material in the res- 
ervoir is subjected to different condi- 
tions of pressure and temperature con- 
fronts many producers today, especially 
in certain fields. The subject has grown 
rapidly in importance since the discov- 
ery of deeper reservoirs that have cor- 
respondingly higher pressures and tem- 
peratures as compared with shallower 
producing zones. 

In the course of the tests made by 
the Bureau of Mines, surface samples 
of hydrocarbon liquid and gas were 
taken at the separator under conditions 











Emphasiging 


the importance of 
tube cleaning 


Clean tubes don’t advertise their presence 
by towering high above the skyline, like 
much refinery apparatus. But they sure do 
take on size and weight when the periodi- 
cal operating costs are up for inspection. 
Clean tubes show up big on the cost sheet. 


That is why a good many refinery engi- 
neers and executives think of Lagonda- 
Liberty Tube Cleaners in terms of the photo 
on the left—as big factors in operating 
economy. In refineries all over the country 
these destroyers of coke, scale and profit- 
eating waste are depended upon to keep 
tube stills, condensers, and other tubular 
apparatus right up on their toes. It’s tough 
work sometimes, too—but Lagonda-Liberty 
Cleaners are built for tough jobs. They 
have a reputation of years to sustain — 
they've got to be good. 


Have you atubecleaning difficulty? Take 
it up with “Tube Cleaning Headquarters.” 
Get abreast with the latest developments 
in equipment and methods for keeping 
tubes clean. Use the cooperation of special- 
ists in tube cleaning. No obligation. Write 
us—ask, too, for the latest Lagonda-Liberty 
bulletins on refinery tube cleaning. 


ELLIOTT COMPANY 


LAGONDA- LIBERTY 


Tube Cleaner Dept. -[ 


SPRINGFIELD, OHIO 
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of stabilized flow for re-mixing in the 
proportions of the measured ratio of 
gas to hydrocarbon liquid to provide 
a system on which phase relations at 
reservoir and flow-string pressures and 
temperatures could be determined. A 
subsurface sample of hydrocarbon 
liquid from the well bore provided a 
liquid phase that in composition and 
properties closely approximated a liquid 
that could originate in the reservoir. 

Although comparison of the gas- 
hydrocarbon liquid ratios of the well 
under several rates of fluid delivery did 
not indicate conclusively the presence 
of a hydrocarbon liquid phase in the 
reservoir, the field tests showed that 
hydrocarbon liquid was present in the 
well bore while fluid was being pro- 
duced from the well. 


It was concluded that part of the 
fluid recovered from the well was pres- 
ent in the reservoir in the liquid phase, 
and the remainder was formed during 
the. process of production by condensa- 
tion of heavy components from the 
original reservoir vapor phase. 

The report, containing several graphs 
and tables that should assist engineers 
in developing further knowledge on this 
important practical problem of opera- 
tion, has been published as Report of 
Investigations 3402, Flow Characteris- 
tics, Composition, and Some Liquid- 
Phase Properties of Hydrocarbon 
Fluids from a “Combination” Well, by 
C. K. Ejilerts and M. A. Schellhardt. 
Copies are available without charge 
upon request from the Bureau of Mines, 
Washington, D. C. 








Low steam consumption 
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Moderate speed per- 
mitting direct drive 
or low gear ratio 


Why 15 REFINERIES 


Recently Ordered 
26 Troy-Engberg 
Steam Engines 


Wide, flexible speed 
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easily controlled 
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Of the 26 drives referred to above, 17 
were for pumps thus still further em- 
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No explosion hazard 
Very low maintenance 


Oil-free exhaust, 
if desired 


phasizing the high rating given the 


modern steam engine on the question 
of dependability. 
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That the Troy-Engberg Engine is economical 
is amply demonstrated by the fact that many 
companies are getting their power at the 
drive shaft for 1/2 cent per kwh or less. And 
the maintenance of these engines is neg- 
ligible. 

As for their desirable operating features, 
consider those listed above. They apply 
equally well to horizontal and vertical en- 
gines. They are characteristics particularly 
useful in saiinecine: 

The following bulletins tell the story of the 
modern Troy-Engberg Steam Engine. Send for 
copies. 

SURVEY BULLETIN No. 101 telling how 43 
leading companies found their average 
cost with the Troy-Engberg Engine to be 
only 1, cent per kwh. All costs were in- 
cluded in the survey. 

Steam Engine Catalogue No. 305 
Engine Control Bulletin 
If you are interested in Generating 


Sets, send for Catalogue 107. 


TROY ENGINE & MACHINE CO. 


Established 1870 
951 Railroad Avenue, Troy, Pa. 


Liquefied Gases Sales 
Increase in 1937 


HE marketed production of liquefied 

petroleum gases totaled 141,505,000 
gallons in 1937, according to a tabula- 
tion made from distributors’ reports 
submitted to the Bureau of Mines. The 
1937 volume of sales continued to show 
the sharp upward trend in the demand 
for liquefied petroleum gases in evi- 
dence in recent years and represents a 
gain of 33 percent over the 1936 total 
of 106,652,000 gallons. Relative gains in 
all major uses of liquefied petroleum 
gases are indicated. The 1937 totals for 
both domestic or “bottled gas” use and 
internal-combustion-engine fuel in- 
creased about 36 percent over the 1936 
requrements. The quantity of liquefied 
gases sold in 1937 for industrial fuel 
and chemical manufacturing is about 28 
percent above the 1936 record, while 
the total delivered for gas manufactur- 
ing purposes is 20 percent higher than 
the 1936 demand. Exports of liquefied 
petroleum gases to foreign countries 
in 1937 were reported as only 1,879,000 
gallons, compared with 4,897,000 gal- 
lons in 1936. Added exports and domes- 
tic demand gives total deliveries of 143,- 
384,000 gallons in 1937, a gain of 29 
percent over the 1936 total of 111,549,- 
000 gallons. 

From about 1933 through 1936, sales 
of butane comprised the major portion 
of total deliveries: however, the 1937 
totals show about equal amounts for 
propane and propane-butane mixtures. 
Propane sales in 1937 of 46,474,000 gal- 
lons represent a gain of 27 percent over 
the 1936 total of 36,502,000 gallons. The 
market demand for butane in 1937 was 
reported as 45,504,000 gallons, or 13 per- 
cent above the 1936 deliveries of 40,200,- 
000 gallons. The ratio of butane sales 
to total deliveries of all liquefied petro- 
leum gases declined from 38 percent in 
1936 to 32 percent in 1937, while pro- 
pane-butane mixtures, which constitut- 
ed about one-fourth of total deliveries 
in 1936, increased to one-third in 1937. 
Quantitatively, propane-butane sales to- 
taled 46,694,000 gallons in 1937, a gain 
of 71 percent over the 1936 require- 
ments. Pentane deliveries, which are 
relatively unimportant in volume, in- 
creased from 2,575,000 gallons in 1936 
to 2,833,000 gallons in 1937. 


About half of the marketed produc- 
tion of liquefied petroleum gases is 
used for industrial fuel and in the 
manufacture of chemicals. Liquefied 
gas reported under these classifications 
totaled 70,102,000 gallons in 1937 com- 
pared with 54,585,000 gallons in 1936. 
Most of this gain must be credited to 
the increased use of liquefied petroleum 
gases in the chemical manufacturing 
trade. which demand virtually doubled 
in 1937. The use of liquefied petroleum 
gases as raw material in the making 
of chemicals is expanding at a rapid 
rate as their chemical structure is bet- 
ter understood and new processes for 
their conversion into desirable products 
are developed step by step from the 
experimental to the commercial stage. 
Liquefied petroleum gases sold to chem- 
ical plants are usually cracked or brok- 
en down chemically and then are fur- 
ther treated to produce ethylene glycol, 
alcohols, acetone and other derivatives. 
Still another process is based on the 
chlorination of pentane to produce amy! 
chlorides, which are then converted 
into other products. The sale of lique- 
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AS ECONOMIC CONDITIONS CHANGE 


f \CUSTOMERS RETURN TO KELLOGG 
‘iron A SOLUTION OF THEIR PROBLEMS 


Wy This is due in large part to the result of 
constant research and development 
work carried on in the Kellogg labo- 
ratories in its efforts to discover and 
make available processing methods to 
meet changing economic conditions. 

The assistance and value of Kellogg 
service to refiners is not limited to the 
design and construction of single 
units for a specific purpose. 

Kellogg service covers’ a much 
broader field —the recommendation 
of comprehensive plans for process- 
ing available raw materials into the 
required marketable products, as 
well as the design, construction and 
combination of new and existing 
equipment to carry out the plan. 
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fied petroleum gases to chemical plants, 
which in the past year or two has 
reached an important volume, bids fair 
to continue to expand. 

The quantity of liquefied petroleum 
gases sold for industrial fuel increased 
about 8 percent in 1937 over the 1936 
requirements. This relatively moderate 
gain in 1937 is evidently due to some 
extent to the slowing up of industrial 
activities in the second half of the 
year. Extensive advertising of the mer- 
its of “bottled gas,” improved equip- 
ment for its storage, handling and use 
and better service covering larger areas, 
were largely responsible for the expan- 
sion in the domestic demand for lique- 
fied petroleum gases in 1937 to 40,823, 
000 gallons, a gain of 36 percent over 
the 1936 total. Liquefied petroleum 


























gases used by gas companies for direct 
distribution through their mains and 
for the enrichment of other gases be- 
fore delivery to consumers increased 
from 9,371,000 gallons in 1936 to 11,- 
280,000 galllons in 1937, or 20 percent. 
Liquefied petroleum gases sold for in- 
ternal-combustion-engine fuel is becom- 
ing of important volume, sales for this 
purpose increasing from 12,476,000 gal- 
lons in 1936 to 16,987,000 gallons i in 1937. 
This use of petroleum gases as motor 
fuel is confined largely to the Califor- 
nia area, where sales of 15,000,000 gal- 
lons were reported for 1937. 

Sales of propane for all purposes 
were reported as 46,474,000 gallons in 
1937, compared with 36,502,000 gallons 
in 1936. Approximately two-thirds of 
the 1937 quantity, or 30,436,000 gallons, 













No. 14 


nOCSRATE CONTROL 


with DAVIS 
Pressure 
Regulators 


The Davis No. 14 C illustrated 
at the left is an advanced, 


modern valve for automatic pressure regulating 
and general control service on steam, air, gas, 
water or oil. It features the Davis balanced disc 
design which is unaffected by high pressure fluc- 
tuations and has full unobstructed port area. A 
valve position indicator shows the position of the 
inner valve. Spring and ball bearing adjustment 
nut are enclosed in weather-proof housing. It is 
available in a complete range of sizes from 4 
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inch to 14 inches. 


(Lower Right) The popular reduc- 
ing valve for small units! Com- 
pact and self-contained, 
quality into the low price field. It features: 
tight closing single seat . . . 
. » Spring cap removable by hand .. . 
renewable without 
pipe connections. For 

steam, air or gas service, 

in sizes from 3" 


this unit brings real 
built-in strain- 
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ASK for your copy of the Davis Pressure 
Regulator Service Chart. It makes it easy 
for you to select the type of regulator 
to exactly fit your service requirements. 
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were sold for domestic use, while about 
14,500,000 gallons were delivered to in- 
dustrial plants for fuel. Gas manufac- 
turing companies purchased 1,077,000 
gallons of propane in 1937, compared 
with 944,000 gallons in 1936. Minor 
quantities of propane were sold as raw 
material to chemical manufacturers, for 
internal-combustion-engine fuel and 
other miscellaneous uses. Butane, be- 
cause of its higher heat content per 
gallon, is used principally as an indus- 
trial fuel, the quantities sold for this 
purpose being about 28,006,000 gallons 
for both 1936 and 1937. Butane gas re- 
ported for household use was 6,047,000 
gallons in 1937, compared with 2,956,000 
gallons in 1936. The butane delivered 
for domestic consumption increased 
over 100 percent in 1937 compared with 
the 1936 total, thereby repeating a simi- 
lar gain made in 1936 over 1935. One 
development which has been important 
in accounting for the large relative in- 
creases in the use of butane as a do- 
mestic fuel is the active sales cam- 
paign in the south central portions of 
the country, where a ready supply is 
available from petroleum refineries and 
gasoline plants. Simple equipment using 
an outdoor tank can be installed, con- 
sequently consumers using butane can 
have all the advantages of natural gas 
at a lower cost than is possible in other 
sections of the country. Gas manufac- 
turers also increased their purchases of 
butane substantially in 1937 receiving 
7,430,000 gallons, a gain of more than 
19 percent above their 1936 require- 
ments. Butane sales for internal-com- 
bustion-engine fuel in 1937, totaled 1,- 
715,000 gallons, or somewhat under the 
revised total of 2,367,000 gallons for 
1936. Propane-butane mixtures are used 
extensively as raw material in the man- 
ufacture of chemicals and this demand 
accounted for over half of the 1937 
deliveries. Propane-butane mixtures are 
also used to a large extent for internal- 
combustion- -engine fuel, the demand in- 
creasing from 10,004,000 gallons in 1936 
to 14,994,000 gallons in 1937. The do- 
mestic use of propane-butane mixtures, 
although relatively unimportant at the 
present time, increased from 2,048,000 
gallons in 1936 to 3,504,000 gallons in 
1937. Mixtures of these gases used in 
gas manufacturing were reported as 
2,765,000 gallons in 1937, compared with 
2,200,000 gallons in 1936. The most im- 
portant use of pentane is for raw ma- 
terial for chemical plans; the domestic 
use, though increasing, was still less 
than a million gallons in 1937. 

Cylinder and drum _ shipments of 
liquefied petroleum gases increased 
from 24,077,000 gallons in 1936 to 29,- 
926,000 gallons in 1937. Shipments of 
this kind accounted for 21 percent of 
the total movement of liquefied petro- 
leum gases in 1937, compared with 
about 23 percent in 1936. The larger 
share of the liquefied petroleum gases 
handled in cylinders is intended for 
the domestic trade, where small sup- 
plies must be furnished at frequent in- 
tervals. Domestic shipments accounted 
for 26,097,000 gallons (87 percent) of 
the total sold in small containers in 
1937. Shipments of liquefied petroleum 
gases to large consumers, such as gas 
manufacturers, industrial and chemical 
plants are usually made in bulk in 
tank-cars or tank-trucks; such ship- 
ments totaled 111,579,000 gallons in 
1937 compared with 82,575,000 gallons 
in 1936 
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Alcorn Company Wins 
Floor Tube Interference 


PRIORITY contest of five years’ 

duration, involving radiantly heat- 
ed floor tubes, was ended by the Court 
of Customs and Patent Appeals on 
April 25, 1938. Though originally in- 
volving nine different patent applica- 
tions, the final contest was between 
George W. Watts (Standard Oil Com- 
pany of Indiana) and Frank H. Prae- 
ger (Alcorn Combustion Company). 

The court ruled that the disclosure by 
Watts of hearth tubes over an ash pit 
was insufficient to support patent claims 
covering floor tubes, below and with- 
out the currents of hot gases, absorbing 
heat substantially solely by radiation. 
Judgment was accordingly awarded to 
Praeger upon all issues involved in the 
interferences. 

A typical claim, selected from the 
issues of the interference, is as follows: 

“Oil heating apparatus comprising a 
chamber containing a source of heat, 
a second chamber in communication 
with and traversed by hot gases from 
said first chamber, tubes in said second 
chamber containing oil to be heated and 
absorbing heat substantially solely by 
convection, tubes in said first chamber 
connected to said first tubes and ab- 
sorbing heat by radiation and convec- 
tion, and tubes connected to said other 
tubes and disposed adjacent the bottom 
of said first chamber below the path of 
said hot gases for absorbing heat sub- 
stantially solely by radiation.” 

During the early stages of the inter- 
ference proceeding, the Alcorn Com- 
bustion Company introduced a patent 
application filed as early as January 31, 
1927, with claims to tubes outside the 
path of gases and absorbing heat sub- 
stantially solely by radiation; and re- 
ceived judgments of priority with re- 
spect to such claims which cover pres- 
ent-day tvpes of radiant heaters. This 
early application has now matured into 
Patent No. 2,113,331, dated April 5, 1938. 
Typical claims are as follows: 

“In an oil heating system in which 
heat is applied to the oil by different 
modes of heat transfer in different 
zones. while .flowing in succession 
through banks of oil-conducting heat- 
absorbing tubes within said zones, the 
method of heating the oil to elevated 
discharge temperature which comprises, 
producing in unobstructed radiant view 
of the tubes of a bank within one of 
said zones a current of hot. combustion 
gases having substantial initial velocity 
therein, utilizing the directional effects 
upon said gases of their initial velocity 
and of their tendency to rise within 
said one zone to direct said current of 
gases in positive avoidance of, and 
along a path adjacent and substantially 
parallel to, said bank of tubes within 
said one zone, transferring heat of said 
gases substantially solely by radiation 
to said tubes within said one zone and 
reducing the temperature of said gases, 
and transferring heat, at least in part 
ky convection, from said gases of re- 
duced temperature to one of said banks 
of tubes within another of said zones. 

In a system of heating oil, the com- 
bination of a heating chamber, means 
for directing streams of hot combus- 
tion gases toward and into convective 
heat exchange with opposite walls of 
said chamber, said walls absorbing heat 
from said gases and reradiating the ab- 
sorbed heat, and a bank of heat-absorb- 
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ing tubes disposed intermediate said 
walls, without the paths of said streams 
of hot gases, any given cross-section of 
said bank of tubes receiving heat sub- 
stantially solely by direct radiation 
from both of said oppositely disposed 
walls.” 

J. S. Alcorn, president of Alcorn 
Combustion Company, assignee of the 
Praeger application, states that the 
company is willing to grant non-exclu- 
sive licenses to all who are now using, 
or who in the future may wish to use, 
structures or methods covered by pa- 
tents owned by Alcorn Combustion 
Company. 


Tank Volume Tables 


HE United States Bureau of Stand-- 

ards announces publication of a 
pamphlet giving the volume of liquid 
in filled or partly filled horizontal cylin- 
drical tanks. The pamphlet was printed 
to meet requests, particularly from the 
petroleum industry, for such informa- 
tion. Copies may be secured from the 
office of the Superintendent of Docu- 
ments, Government Printing Office, 
Washington, D. C. Price 5 cents. 





The names “WeldOlets” and “ThredOlets” are Bonney trade 
marks registered in the United States Patent Office. Full 
patent coverage for designs, principles and construction has 
been granted in the United States and foreign countries. 


BONNEY 
WELDOLETS 


THREDOLETS 


WHEN welded piping was speci- 
fied for the air conditioning 
system at the New House of Re 
resentatives Office Building, Wash- 
ington, D. C.—the largest air con- 
ditioning contract ever awarded— 
Bonney WeldOlets and ThredOlets 
were specified for making branch 
pipe connections. 

Engineers and contractors reco- 
gnize the fact that they are correctly 
designed, make stronger outlets than any other 
method of making take-offs and are econo- 
mical to buy and install. 

WeldOlets and ThredOlets eliminate all 
cutting, threading and fitting of the main 
pipe. They make branch pipe connections 
of full ies strength that are absolutely leak- 

of. eir funnel-shaped outlets improve 
ee flow conditions: and reduce turbulence 
and friction to a minimum. 

Your piping job may not be air-condition- 
ing, but regardless of what it is for—whether 
new construction or maintenance—WeldOlets 


They are easily 





WeldOlets and ThredOlets Then weld by electric-arc or 
are quickly and easily in- oxy-acetylene method. A 
stalled. Select the position leak-proof joint of Full pipe 
of the outlet anywhere on strength is obtained. 

the main pipe, mark center 

lines and tack the fitting 

into position. 


and ThredOlets will make better take-offs at 


less cost than any other fittings. 

Standard fittings are drop-forged of steel, 
but they're available in Toncan Iron, Wrought 
Iron, Brass, Monel, Everdur, etc. to meet 
every piping need. 

Improve your next piping job and save with 
these fittings. Once used, you'll standardize 
on them. For full information write for 
Bulletin WT23 or see your nearest distributor. 


installed! 






On two-inch outlets or lar- A simple Vee weld is used 
ger the button is removed . for attaching the branch 
after installation. A full in- when WeldOlets are used. 
spection of the inside of the If ThredOlets are used, the 
joint is possible when Weld- branch is screwed into posi- 
Olets and ThredOlets are tion. 

used. 


BONNEY FORGE & TOOL WORKS, Allentown, Pa. 
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KINNEY HELIQUAD 
MAIN CARGO PUMPS 


—for barge and 
tanker service. 


Popular wherever oil is refined, it is 
only natural that Kinney Heliquads 
should prove popular also for pumping 
all grades of petroleum product cargo 
from gasoline to fuel oil. 


All Bearings and Timing Gears Outside 
Pump Chamber 


These pumps have bronze cylinder and 
head liners and are unusual in the rotary 
pump field in that all bearings and tim- 
ing gears are entirely outside of the 
pump chamber; and yet have only two 
stuffing boxes instead of the usual four. 

Bearings are designed to maintain the 
rotors central in the pump housing, re- 
gardless of the position of the boat. This 
prevents metallic endwise contact. 


Regular Kinney Heliquad Features 
Maintained 
1. Labyrinth ring to the suction side of the 


pump, thus requiring that pumps be packed 
against suction pressure only. 


2. Each stuffing box is fitted with a lantern 
or seal ring connected to a suitable lubri- 
cator which provides a —~ method of ap- 
plying lubricant to the stuffing boxes. 


3. The packing runs on stellite shaft sleeves. 


WRITE FOR INFORMATION, 
ADDRESS NEAREST OFFICE 


KINNEY MANUFACTURING CO. 
3539 WASHINGTON ST., BOSTON, MASS. 


NEW YORK: 30 Church Street 
CHICAGO: 1202 Buckingham Bidg. 
DALLAS: 808 Santa Fe Bidg. 
PHILADELPHIA: 725 Commercial Trust Blig. 


LOS ANGELES: 
1333 Santa Fe Avenue 
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VY PLANT ACTIVITIES VY 


Cracking: Rodessa Oil & Refining 
Company, Shreveport, Louisiana, has 
started construction of a new cracking 
unit. The plant is designed under pat- 
ents of the Forward process and is to 
produce high-octane-rating motor fuel. 

Enlarge: East Texas Refining Com- 
pany at its Rodessa, Miller County, 
Arkansas gasoline plant is enlarging 
plant capacity through installation of 
eight more compressors, additional ab- 
sorbers and a new cooling tower. Re- 
ported cost is $150,000. Present capac- 
ity of the plant is 50,000 gallons a day. 

Gasoline Plant: Portex Oil Corpora- 
tion is nearing completion of its 15,000- 
gallon compression-type natural gaso- 
line plant in the Logansport gas field 
of Shelby County, Texas. Residue gas 


| is to be injected into the producing 


sand. 
Enlarge: Mohawk Petroleum Corpo- 


| ration, Fruitvale, California, has com- 


pleted remodeling and enlarging one 
unit at the refinery for increased capac- 
ity to produce road oils and asphalts. 
Plant capacity was increased to 8000 
barrels a day. Two 1000-horsepower 
boilers were added to the steam-gen- 
eration plant. Two new cracking units 
were completed recently and the com- 
pany is now installing a 5000-barrel 
ethyl blending plant at reported cost 
of $30,000. E. L. Rogers is refinery 


| superintendent. The company recently 


signed license agreement with Univer- 
sal Oil Products Company, to operate 
its existing cracking facilities under 
Dubbs cracking patents. 

Tankage: Sinclair Refining Com- 
pany, East Chicago, Indiana, has let 


| contract to Western Gas Division of 
| The Koppers Company, for additional 





tankage which includes a riveted and 
weld-caulked, water-sealed gas holder 


| with capacity of 750,000 cubic feet, and 


25 by 18 feet sweating tank, three 26 
by 10 by 8 feet open-top run-down 
tanks, and two 12 by 8 feet 6 inches 
hot-water tanks. Tanks are all to be of 
welded steel. The gas holder is to be 
completed in October and the tanks in 
August of this year. 

Refinery: Petrol Corporation, Long 
Beach, California, is reported planning 
erection of a new refinery this year to 
cost around $500,000. 

Refinery: Edco Refining Company, 
Santa Maria, California, is building a 
new 1000-barrel refinery to be com- 
pleted this summer. 

Power Plants: Shell Oil Company and 
Pacific Gas & Electric Company, at 
Martinez, California, and Union Oil 
Company of California and Pacific Gas 
& Electric. Company at Oleum, Cali- 
fornia, have arranged for construction 
of separate 44,000-kilowatt steam gen- 
erating plants at the points mentioned. 
Likewise, Tide Water Associated Oil 
Company and the Pacific Gas & Elec- 
tric Company have made similar ar- 
rangements for a like plant. Each of 
the installations are being erected at 
reported costs of $5,000,000, to be com- 
pleted this coming fall. 

Expansion: The Atlantic Refining 
Company, Philadelphia, has announced 
an expansion and developments pro- 
gram requiring capital expenditures of 
$28,000,000 to be undertaken this year. 
The program will cover acquirement 
of additional properties in oil producing 
areas, marketing activities and improve- 
ment of operations at the company’s 


refineries at Atreco, Texas, and Phila- 
delphia, and additions to the tanker 
fleet. 

Lease: Anglo-Canadian Oil Com- 
pany, Calgary, Alberta, Canada, has 
leased the refining plant of Central Re- 
finers, Ltd., and a 750-barrel skimming 
unit has been erected. The company is 
reported planning erection of a crack- 
ing unit. 

Refinery: Lake Arthur Oil Refinery, 
Inc., has completed a 1000-barrel skim- 
ming plant on the south side of Lake 
Arthur, Calcasieu Parish, Louisiana, to 
process South Roanoke and Woodlawn 
high-gravity crudes. 

Operating: Dale Refining Company, 
Dale, Texas, has started operating its 
new 1000-barrel skimming plant, oper- 
ating on crudes from northern Cald- 
well County to produce gasoline, naph- 
thas, kerosene, tractor fuels, furnace 
oils and other fuels. R. E. Goode is 
refinery manager. 


Gasoline Plant: Hamman _ Explora- 
tion Company, Bay City, Matagorda 
County, Texas, has let contract to 
Western Construction Corporation for 
construction of a gasoline absorption 
plant with capacity reported at 15,000 
gallons a day and at cost of approxi- 


mately $100,000. 


Repressuring Plant: American Lib- 
erty Oil Company, Dallas, Texas, is 
planning construction of a natural gas- 
oline extraction and oil sand repressur- 
ing plant which will remove distillate 
and strip gas and return gas to the 
producing horizon in the Gradeland 
field, Houston County, Texas. 

Refinery: British American Oil Com- 
pany, which has interest in production 
in the Turner Valley, Alberta, Canada, 
field is reported looking at plant sites 
in Calgary, East Calgary and High 
River with view to establishment of a 
new 5000-barrel refinery. 

Operating: Yale Oil Corporation, 
Kilispell, Montana, has completed con- 
struction and started operating its new 
1000-barrel refinery. Clayton Burke is 
superintendent. 

Expansion: Trinidad Leaseholds, 
Ltd., Trinidad, is completing a refinery 
expansion and modernization program 
which includes erection of new crack- 
ing facilities and a polymerization in- 
stallation. 

Enlarge: United British Oilfields, 
Trinidad, whose operations are man- 
aged by Anglo-Saxon Petroleum Com- 
pany, Ltd., is reported planning ex- 
penditure of $1,750,000 for expansion of 
refining facilities and exploration of 
new producing properties. 

Gasoline Plant: Union Oil Company 
of. California and Superior Oil Com- 
pany are building a 60,000,000 cubic foot 
absorption type natural gasoline plant 
at Rio Bravo, California, at estimated 
cost of $500,000. 

Compression Plant: Richfield Oil 
Corporation is building a new compres- 
sor plant at Wilmington, California. 

Gasoline Plant: Wilmington Gaso- 
line Company is building a 20,000,000 
cubic foot absorption type natural gas- 
oline plant at Wilmington, California, 
to be completed this summer. 

Gasoline Plant: St. Helens Petroleum 
Company is planning erection of a new 
25,000,000 cubic foot gasoline plant of 
the absorption type -in the Montebello 
field, California. 
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Increase the life and value of your investment; 
secure the maximum recovery of oil, gas and 
natural gasoline; prolong the life of your wells; 
return dry gas underground for conservation 
and future use! Secure these and many other 
added profit-building advantages by leveling 


your pressure curve through repressuring! 
Through this value-proven method, dry gas is re- 


turned to the oil bearing sand under 
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WITH PRESSURE MAINTENANCE! 


of supposedly depleted fields being returned to 
high productivity with the recovery of many 
added millions of barrels of oil through the use of 
this method. Natural gasoline production is main- 
tained at maximum for the greatest number of 
years and added profits result from elimination of 
blow-off and the consequent upbuilding of an 
underground gas reserve which assures continuance 
of profitable gasoline plant operation. 


We are prepared to construct such 





pressure sufficiently high to guarantee 





plants for any pressure condition 





complete penetration. Pressure main- 





based upon the requirements of your 





tenance, through repressuring, permits 





a constantly close approach to the 





original rock pressure. Records exist 





production engineers. We invite in- 


quiry. 





PARKHILL WADE 


973 NORTH MAIN STREET 
LOS ANGELES CALIFORNIA 


AFFILIATED WITH 


THE STEARNS-ROGER MANUFACTURING CO. 


1720 CALIFORNIA STREET « DENVER, COLO. 











SCIENCE AND TECHNOLOGY ’ 


Abstracts prepared in co-operation with the 


REFINER AND NATURAL GASOLINE MANUFACTURER 





Fundamental Physical and 
Chemical Data 


Liquid-Vapor Phase Equilibrium Re- 
lations in the Ethane-n-Heptane Sys- 
tem. W. B. Kay; Ind. & Eng. Chem. 30 
(1938), pp. 459-65. 


A_ knowledge of the equilibrium composition 
of liquid and. vapor in complex hydrocarbon 
mixtures is of importance in the design of frac- 
tionating and absorption equipment in the pe- 
troleum industry. The P.V-T_X relations at 
the liquid- and vapor-phase boundaries in the 
ethane-n-heptane system were evolved from 
measurements. on a series of solutions varying 
in composition from pure ethane to pure 
n-heptane. Temperature compositions, or c 
diagrams of the coexisting liquid and vapor at 
constant pressure were constructed, and a com- 
parison was made with those computed by 
means of the solution laws. The results of this 
comparison show that Raoult’s and Dalton’s 
laws, corrected for departure from ideal ty of 
the gas and liquid phases by the use of fugacity, 
apply reasonably well to these solutions until 
pressures in the neighborhood of the critical 
pressure of n-heptane are approached. In the 
critical region the solution laws fail completely. 
Equilibrium constants were obtained for ethane 
and n-heptane. These for ethane at high tem- 
peratures differ considerably from those pre- 
dicted; those for n-heptane are in good agree- 
ment with those predicted except at high pres- 
sures. 


Thermodynamic Properties of Sub- 
stances as a Function of Reduced Tem- 
perature. I. Latent Heat. Vapor Vol- 
ume and Vapor Pressure of Water. 
H. A. Faces Anp C. S. SHaptro, Jour. 
Am. Chem. Soc. 60 (1938), pp. 784-94. 
_ The authors studied the question of express- 
ing latent heat as a function of reduced tem- 
perature alone, and also studied the theory of 
corresponding states of van der Waals. The 
study of the velume-ratio as a function of re- 
duced temperature leads to the formulation of 
a relationship between latent heat and reduced 
temperature alone that holds with n fundamental 
limits. This study also led to a_ functional re- 
lationship between pressure and volume and 
reduced temperature alone that likewise holds 
within required accuracy. Previous work on 
these general subjects is reviewed and discussed 
in some detail. 


Thermodynamic Properties of Sub- 
stances as a Function of Reduced Tem- 
perature. II. Vapor Pressure of Liquids 
and the Principle of Corresponding 
States. H. A. Fates anp C. S. SHApPtRo, 
Jour. Am. Chem. Soc. 60 (1938), pp. 
794-805. 


The authors apply the equation of reduced 
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pressure to a large number of substances with 
a view to determining some modification cf the 
principle of corresponding states that might em- 
brace different types of compounds. The re- 
duced vapor pressures of chemical'y d‘fferent 
substances were found to be expressible in 
terms of reduced temperature within the limits 
of experimental error. The form of the vapor 
pressure function was entirely analogous to that 
of the volume ratio. The fact that the reduced 
vapor pressures are given accurately by the 
proposed equation leads to the possibility of de- 
fining the behavior of all substances when com- 
pared at equal reduced temperatures. At equal 
reduced temperatures the reduced vapor pres- 
sures of two substances are related definitely to 
each other. The relating coefficients are, in 
general, different from unity and are exponential 
functions of temperature and of the parameters 
of the equation. The coefficients become unity 
only at the critical point, this be‘ng the on'y 
temperature at which the properties of sub- 
stances are identical. At other temperatures the 
coefficients increase with decrease of reduced 
temperatures. 


Vapor Pressures of Solvents. D. H. 
KILLeFFER, Ind. & Eng. Chem. 30 (1938), 
pp. 477-9. 

Nomographic charts are given for the vapor 
pressure of solvents. One chart covers those 
solvents boiling below 90° C.; and one, those 
boiling from 90° C to 150° C. To deter- 
mine the vapor pressure at any temperature, 
it is necessary only to connect the tem- 
perature on the left-hand scale and the point 
characteristic of the compound with the vapor 
pressure scale by means of a straight line. The 
manner of preparing the nomograph is ex- 
plained. 


Mutual Solubilities of Hydrocarbons. 
II. The Freezing Point Curves of 
Dotriacontane (Dicetyl) in Dodecane, 
Decane, Octane, Hexane, Cyclohexane 
and Benzene. W. F. SeEyer, Jour. Am. 
Chem. Soc. 60 (1938), pp. 827-30. 


The freezing point curves of four paraffin hy- 
drocarbons dotriacontane (dicetyl) were studied. 
The paraffin hydrocarbons used were hexane, 
octane, decane and dcedecane. Curves were also 
determined for dicetyl-benzene and dicetyl-cyclo- 
hexane. After a concentration of about 0.4 N is 
reached the solute appears to exert its influence 
in determining the shape of the freezing point 
curve. It is thought that this may be the result 
of the separation of mixed crystals from the 
solution. The experimental data support the 
validity of Raoult’s law. 


Critical Solution Temperatures of 
Mixtures of Gasoline, Propyl Alcohol 
and Water. E. W. Avpricu, J. Research 
Natl. Bur. Standards 20 (1938), pp. 9-16. 
(Research Paper No. 1060.) 


It was found that the water tolerances of 
mixtures of gasoline and propyl alcohol are 


greater than those of mixtures of gasoline with 
ethyl alcohol. In mixtures containing propyl 
alcohol the second phase will be solid if sepa- 
ration occurs below —15° C. 


Water Tolerances of Mixtures of 
Gasoline with Ethyl Alcohol. O. C. 
BRIDGMAN AND E. W. AtopricuH, J. Re- 
search Natl. Bur. Standards 20 (1938), 
pp. 1-8. (Research Paper No. 1059.) 


The author has developed equations for cal- 
culating the water tolerance of any mixture of 
gasoline with ethyl alcohol from critical solu- 
ton temperature measurements on a few mix- 
tures with a particular gasoline. Critical solu- 
tion temperatures of mixtures of known compo- 
sition can be calculated. 


Chemical Compositions and 
Reactions 


Nitrogen Compounds in Petroleum 
Distillates. XI. Isolation of 2, 3-Di- 
methyl-8-ethylquinoline from the Kero- 
sene Distillate of California Petroleum. 
C. L. Key anp J. R. Battey, Jour. Am. 
Chem. Soc. 60 (1938), pp. 763-5. 


The crude organic bases used in the investi- 
gation and called ‘‘kero’’ bases, were from 2 
residual sulfur dioxide extract obtained in re- 
fining California kerosene by the Edeleanu proc- 
ess. The isolation of 2, 3-dimethyl-8-ethylquino- 
line from the complex mixture of bases is de- 
scribed. The structure assigned to this product 
was confirmed by synthesis. 2, 3-Dimethylquin- 
oline and 3-methyl-8-ethylquinoline were ob- 
tained from the first mentioned base by indirect 
dealkylation at positions 8 and 2, respectively. 
The first of these derived bases is one of five 
keroquinolines that were previously isolated in 
the Texas Laboratory. The structure of the 
second derived base, a new quinoline homolog, 
was established by synthesis. 


The Thermal Decomposition of Ali- 
cyclic Compounds. I. The Decomposi- 
tion of Cyclohexene and Some Simpler 
Hydrocarbons. F. O. Rice, P. M. RuorF 
AND E. L. Ropowsxkas, Jour. Am. Chem. 
Soc. 60 (1938), pp. 955-61. 


Cyclohexene can be decomposed practically 
quantitatively into 1, 3-butadiene and ethylene 
by heating at about 10 mm. pressure and 800° 
C. The rate ‘of decomposition of ethylene and 
1, 3-butadiene is negligible under these condi- 
tions as compared with cyclohexene. A test for 
free radicals shows that the rate of removal 0 
metallic mirrors by the fragments from _cyclo- 
hexene is of a lower order as compared with 
the rate of removal by open chain compounds 
such as acetone. The author assumes that the 
primary step is a rupture of a C-C bond in the 
beta-position to the double bond, followed by 
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CONSTANTLY IMPROVING 4 
MOTOR FUEL QUALITY r 


Advancements in cracking technique have 
enabled refiners to improve the quality of gas- 
oline to keep pace with automotive require- 
ments. The octane value of regular grade 
gasoline is now equal to that found only in 
premium grades a few years ago. And it is 
safe to say that the accepted standards of to- 
morrow will be even higher. 
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As new methods and processes are devel- 
oped and new equipment designed, the refiner 
is faced with the question of selecting those 
which fit into his particular problem. 
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The comprehensive facilities of Gasoline 
Products Co., Inc. offer refiners assistance in 
determining the correct solution and the 
selection of the processing methods best ee 
adapted to their requirements. 
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LICENSES granted under United States and Foreign Patents for: Cross, de Florez, Holmes-Manley, Tube and Tank Cracking Processes, Uni-Coil Injection Process and Combination Cracking Units 
Licensing Agents: THE M. W. KELLOGG CO., Jersey City, New Jersey, or its European Rep: esentative: COMPAGNIE TECHNIQUE des PETROLES, 134 Boulevard Haussmann, Paris, France 














































































decomposition into ethylene and butadiene. No 
radical chain mechanism occurs as in open chain 
compounds. 


Direct Oxidation of Oils by Air; 
Formation of Peroxides. P. MonpaIn- 
MonvAL AND S. Marteau, Ann. Com- 
bustibles Liquides 12 (1937), pp. 923-8. 


Oils were contacted with air by being flowed 
slowly through a slightly inclined heated glass 
tube. Oxidation was evidenced by the typical 
white fumes and luminescence. The products 
contained alkyl peroxides in quantity. The oxi- 
dation reaction started at 150-225°C., and is 
marked at 180-300° C. The lowest temperatures 
of oxidation were shown by 6 mineral oils, par- 
affin, and cod-liver oil, followed in order by 
linseed, neat’s foot, olive, rape-seed, earth-nut, 
and castor oils. The authors believe that explo- 
sions in air compressors are attributable to the 
formation of these peroxides. 


Manufacture: 
Processes and Plant 


Flow of Homogeneous Fluids. M. 
Muskat, McGraw-Hill, London, 1937, pp. 
xix + 755. 


Although of primary interest in connection 
with the problems of petroleum production, the 
subject-matter of a comprehensive work on the 
flow of homogeneous fluids through porous 
media is also of some interest in connection 
with refinery problems. The book is divided into 
four main parts. The first is the foundation upon 
which the remainder of the work is built. The 
second treats problems of fluid flow in the 
steady state. The third part treats typical cases 
of non-steady flow. Solutions of typical prob- 
lems of gas flow are considered in the fourth 
part. The work as a whole constitutes a valuable 
addition to the knowledge of the flow of fluids. 
It is in no sense an elementary textbook, but 
rather treats the subject in a mathematical and 
thorough-going manner. 
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Metal Knit Cloth Tower Packing and 
Its Use in Plate Columns. F. C. Vu- 
BRANDT, EDWIN SHUFFLE, JR., AND S. B. 
Row, Trans. Am. Inst. Chem. Engrs. 34 
(1938), pp. 51-69. 


Use of metal cloth as a tower packing and 
in conjunction with bubble-cap and plate col- 
umns is described. Knitted metal cloth of No. 
30 gage has friction factors varying between 
223x 10-7 and 1041x10-7 at flows of air be- 
tween 13.2 and 37.7 ft. per min., and at water 
flows between 0 and 8.4 lb. per min. per sq. ft. 
of packing. The tests were made in an 18-in- 
diam. stoneware tower with calming sections. 
Murphree plate efficiencies decrease with in- 
creased vapor velocity in the case of a bubble- 
cap column, the knit cloth-packed column, and 
the combination of the two. The use of knit 
metal packing above the bubble cap plate in- 
creases the efficiency. However, the limiting 
superficial column velocity is 0.5 ft. per sec. A 
column packed with knit cloth packing alone 
gives efficiencies slightly higher than those ob- 
tained with the bubble-cap column and slightly 
lower than those of the combination column. 
The limiting superficial column velocity for the 
column equipped with knit cloth packing alone 
was 0.82 ft. per sec. Pressure drop through the 
column was greater with bubble caps than 
with copper knit cloth packing at the lower 
velocities. 


Heat Exchangers for Chemical Proc- 
ess Applications. K. B. Muttett, /nd. & 
Eng. Chem. 30 (1938), pp. 367-72. 


The author notes that the commercial avail- 
ability of corrosion-resistant material enables 
the maker of chemical and corrosive products 
to reduce manufacturing costs by saving heat 
through the use of efficient and durable inter- 
changers. The data required by the manufac- 
turer in order to make the most appropriate 
selection of apparatus, together with the salient 
factors to be considered in preparing specifica- 
tions of duty to be performed, are outlined. 
Design features, such as efficient and practical 
structures for cross flow and leak-proof longi- 
tudinal baffles, are discussed and _ illustrated. 
The resistance method of determining the sur- 
face required is described. Special designs for 
high-pressure operations, such as the rotatable 
breech-block type, are described. Designs using 
“extended” or “compensated” surfaces are dis- 
cussed. A tubular construction, without shell 
enclosure but with a series of metallic transfer- 
ring yokes between the two for use with dirty 
or corrosive fluid, is described and illustrated. 
A table is given that shows heat units trans- 
ferred per dollar of purchase price for a range 
of exchangers between 5000 and 5500 square feet 
of surface is included for various duties and ma- 
terials. 


Mean Temperature Difference Cor- 
rection in Multipass Exchangers. F. K. 
FiscHer, Ind. & Eng. Chem. 30 (1938), 
pp. 377-83. 


The literature on the subject of the mean 
temperature difference in multipass exchangers 
is first reviewed. Underwood’s equations for one 
shell pass and two tube passes, and for two 
shell passes and four tube passes are repeated. 
An equation is derived for an exchanger having 
one shell pass and one parallel- and two coun- 
terflow-tube passes. As this equation requires 
a trial and error solution, the results are tabu- 
lated. The results are extended to exchangers 
having two, three, and four shell passes, and 
are given in tables and also in the form of 
curves. A comparison shows that an exchanger 
having one parallel- and two counterflow-tube 
passes per shell pass has a considerably better 
mean temperature difference than one having 
an even number of tube passes per shell pass. 
The relation that the correction factor across 
each shell pass is equal, and is equal to the 
over-all correction factor is derived. A few gen- 
eral rules to observe in determining the true 
mean temperature difference are: (1) When the 
number of tube passes per shell is even, the 
M.T.D. is independent of the direction of flow 
of the shell fluid in each pass. (2) When the 
number of tube passes per shell is odd, the 
M.T.D. depends on*the direction of flow of the 
shell fluid in each shell pass and is greater 
when the counterflow tube passes exceeds the 
parallel flow.tube passes in each shell pass. 
(3) In multishell pass exchangers the over-all 
M.T.D. depends on whether the flow of fluids 
between the shell passes is counter or parallel 
flow. (4) The equations available for solving 
the true M.T.D. applying to multipass heat ex- 
changers can be made general by letting the T 
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values represent the hot fluid and t values repre- 
resent the cold fluid terminal temperatures. 


Testing Heat Transfer Equipment. 
R. C. Gunness AND J. G. BAKER, Ind. & 
Eng. Chem. 30 (1938), pp. 373-6. 


The purpose of the article is to outline the 
experimental procedure required for the testing 
of heat exchange equipment, particularly from 
the standpoint of the economics of heat re- 
covery. Methods of measuring the rates of flow 
of the fluids, the temperature, and the pressure 
drop, are described. The optimum cycle for 
cleaning exchangers is discussed. This is eenee 
in a particular case to a cooler, where a balance 
exists between the cost of cleaning and the 
cost of cooling water. A bibliography of several 
references is given. 


Double-End-Fired Naphtha and Gas- 
oline Re-Forming Furnace. /nd. & Eng. 
Chem. 30 (1938), pp. 398-9. 


A double-end-fired naphtha and gasoline re- 
forming furnace is briefly described, and illus- 
trated in six cuts. Special alloy steels were 
used in the tubes and headers and alloy steel 
casings for the support of the radiant tubes. 
Walls and bridge walls were air-cooled. Many 
oil and gas burners were placed along each 
firing front to ensure even distribution of heat 
and accurate control of temperature in all parts 
of the furnace. 


The Application of Automatic Con- 
trol to Refinery Process Operations. S. 
W. Aney, Jour. Inst. Pet. Tech. 24 (1938), 
pp. 125-39. 

The more important type of process control 
instruments and their underlying theory are 
described. The selection of methods of control 
and the installation of instruments are dis- 
cussed. The importance of close cooperation 
between plant operator, designer and instrument 
manufacturer is emphasized. Stabilizing and 
Automatic Re-Set Devices, and their significance 
in the control of continuous processes, are ex- 
plained. It is noted that some instruments serve 
purely as labor-saving devices, while others defi- 
nitely improve operating efficiency and quality 
of product. This economic aspect of the subject 
is briefly reviewed. 


Production of Solid Paraffin (Wax). 
R. LrieBetanz, Seifens.-Ztg., 64 (1937) 
pp. 794-95. 

Needle crystals that process more easily 
than platelet crystals in sweating operations are 
obtained by crystallizing the wax from a solu- 
tion containing a small quantity of phenol. A 
highly viscous non-crystallizing distillate was 
treated with sulfuric acid, and then with a 
0.1% solution of phenol in benzine. 


Toxicity of Industrial Organic Solv- 
ents. Compiled by ETHEL BRowNING 
under direction of Committee on The Tox- 
icity of Industrial Solvents—Report No. 
80 of Industrial Health Research Board of 
Medical Research Council. H. M. Station- 
ery Office, pp. iii + 382. 

The large scale and increasing use of organic 
solvents lends considerable importance to the 
general subject of the toxicity of organic sol- 
vents. Dr. Browning has summarized existing 
works on the subject. Most of the common 
organic solvents are covered, and useful descrip- 
tions are given of their industrial applications 
and toxic effects, if any, on animals and on man 
when this is known. The numerous references 
given considerably increase the value of the 
work. 


Products: 
Properties and Utilization 


Propane, Butane and Related Fuels. 
U. S. Bureau of Standards, Letter Cir- 
cular No. 503 (Supercedes Fd 292), Sept. 
1, 1937. 


The composition, -manufacture, properties and 
methods of distribution of commercial propane 
and butane are described. Methods of delivery 
and storage are discussed in connection with 
its domestic and industrial use, as well as types 
of burners. The leading distributors of liquefied 
gases, with trade names and compositions of 
products, are*listed. Attention is called to the 
disadvantage of the use of butane and propane 
in cold climates owing to insufficient vaporiza- 
tion. Variat‘on in the composition of vapours 
from mixed fuel gases restricts their use tor 
domestic purposes, although they are suitable 
for the enriching of city gas. For a small town 
gas supply the greater volatility of propane as 
compared to butane outweighs the greater cost, 
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but for larger systems butane is to be preferrea. 
In order to prevent condensation, butane is sup- 
plied mixed with air, the resulting mixture 
having a heating value frequently as be as 520 
B.Th.U.s per cu. ft. Underground storage 
presents problems, corrosion being the most 
serious. The recommendation is made that no 
gas lighter than pentane be stored underground. 


Nitrogen Oxides in Internal-Com- 
bustion Engine Gases. T. K. Hanson 
AND A. C. Ecerton, Proc. Roy. Soc. (Lon- 
don) A163 (1937), pp. 90-100. 


The quantity of NOz and total oxides of 
nitrogen were determined for a Diesel engine for 
different crank angles and at different loads and 
jacket temperatures, and in a Delco engine 
under knocking and non-knocking conditions. 
Corresponding cylinder gas temperatures were 
also taken. In the Diesel engine, oxides appear 
at the beginning of combustion, rise to a maxi- 
mum of 0.06%, which percent corresponds ap- 
proximately to the gas temperature, and then 
decline because of absorption by water and by 
oil. As load and jacket temperature increase, the 
amount of oxides increases. In the Delco en- 
gine, it was found that the amount of oxides 
increased during the expansion stroke to values 
greater than corresponding to the gas tempera- 
ture. This indicated the existence of long-lived 
and excited molecules. The NO in the residual 
gas explains the increase in NOz in the com- 
pression stroke. When knocking occurs, the 
concentration of oxides increases greatly, reach- 
ing a figure of 0.5%. The quantity of oxides 
dissolved in the lubricating oil is sufficient to 
catalyze the oxidation and gumming of the oil. 
The analytical methods used in the work are 
described. 


The Practice of Lubrication. T. C. 
THOMSEN, McGraw-Hill, London, 1937, 
pp. xiv + 638. 

The book is a third edition of the author’s 
well-known work on practical lubrication. Six 
chapters are devoted to the theory of lubrica- 
tion, methods of testing and descriptions of 
lubricants. Among the subjects treated in the 
remaining thirty chapters are: a discussion of 
bearings in general; bearing lubrication; lubri- 
cation problems peculiar to different types of 
machinery, including steam turbines, stationary 
horizontal and vertical engines, and marine and 
locomotive types. A few of the chapter headings 
include: textile machinery, compressors, refriger- 
ating machines, gas engines, diesel engines, steel 
and tinplate mills, and the “gasoline engine.” 


An Experimental Investigation of the 
Use of Oil for the Treatment of Coal. 
R. A. SHERMAN AND J. M. PILCHER, 
Trans. Am. Soc. Mech. Engrs. 60 (1938), 
pp. 97-109. 


A report is made on an investigation of the 
treatment of coals with oil for the reduction of 
dust and after varying periods of exposure to 
weather. Five oils that are commonly sold for 
the treatment of coal, and one petroleum, were 
used in treating two coals, one from the Island 
Creek seam in Logan County, West Virginia, a 
representative coal of firm structure from the 
Appalachian field, and the other a No. 6 seam 
Illinois coal. In practice, the oil is usually 
sprayed on the coal as the latter falls from 
the loading boom to the car. This procedure 
was simulated in the laboratory. The oil was 
applied at 200°F. in amounts ranging from 0.85 
to 30 quarts per ton. The coals were exposed 
to the weather in small bins on the roof. The 
technique in determining dustiness is described. 
It is shown that the results check those ap- 
proximately calculated from Stokes’ law for 
the terminal velocity of particles. It was con- 
cluded that oil having a stable viscosity of 200 
seconds at 100 was much more effective initially 
in reducing dustiness than oil having a viscosity 
of 100 seconds at 100 in the treatment of Island 
Creek coal. Oil having a viscosity of 600 seconds 
at 100°F. was more effective than 200 second 
oil in treating Illinois No. 6 coal, Petrolatum 
having a melting point of 131°F. was slightly 
more effective than the 600 second oil. The 
dustiness of treated coal increases after storage. 
The rate of increase decreases with increase in 
the quantity of oil applied. The Illinois coal was 
found less amenable to effective dustless treat- 
ment than the Island Creek coal. The amount of 
oil required for effective dustless treatment of 
coal varies with the size of the coal, as would 
be expected. The removal of the finer sizes, 
such as —20 mesh, naturally reduces the quan- 
tity of oil required. 


Structure in Asphalts, Indicated by 
Solvent-Treated Surfaces. R. N. Trax- 
LER AND C. E. Coomss, Ind. & Eng. Chem. 
30 (1938), pp. 440-3. 

Asphalts are usually considered to be pro- 
tected lyophobe sols made up of soft, rather 
fluid material as the medium, and harder carbon 
compounds of higher molecular weight as_the 
dispersed lyophobe portion. The soft medium 
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or continuous phase is usual!y known as petro- 
lenes or malthenes, the dispersed materials as 
asphaltenes. The protective colloids, which are 
regarded as unsaturated hydrocarbons with a 
high sulfur or oxygen — are frequently 
known as asphaltic resins. study of flow 
characteristics indicates that ce A possess 
varying degrees of internal structure, depending 
upon the source of material, method of process- 
ing, and temperature at which the rheological 
test is made. Asphalts that show distinct ano- 
malous flow characteristics, as manifested by a 
high rate of age hardening and marked elastic 
properties, give surface design when treated 
with partial solvents, such as ethyl ether, or 86° 
Be. naphtha. The essentially say 4 asphalts 
do not show design. The presence of the surface 
pattern —_ be regarded as an indication of the 
presence of structure in an asphalt. A number 
of illustrative photographs are reproduced. 


Ignition Quality of Diesel Fuels. 
Jour. Inst. Pet. Tech., 24 (1938), pp. 
176-79. 

The ignition quality of a diesel fuel is a 
measure of the relative time required for com- 
bustion to start after the commencement of 
injection; the shorter the time the higher the 
ignition quality. High ignition quality indicates 
ease of starting and smoothness of running, 
but the ignition quality of a fuel is not 
necessarily an indication of its combustion 
quality in_all types of compression ignition 
engines. Furthermore, hot-bulb engines have 
special requirements, as have engines that use 
spark ignition for heavy oils. No form of test 
is suitable for rating fuels for these engines 
except direct tests on the engines themselves. 
Two methods of test have been described by the 
Institution of Petroleum Technologists Serial 
Designation F.O. 39(T). These are described. 
The results obtained by either method for a 
given fuel on a suitable engine does not differ 
more than +2 cetane numbers. The cetane 
number should be reported to the nearest even 
integer. 


Calibration of I.P.T. Diesel Refer- 
ence Fuels H.1.Q. and L.I.Q. in Terms 
of Cetane and Cetene Numbers. Jour. 
Inst. Pet. Tech. 24 (1938), pp. 170-5. 


Secondary reference fuels are to be preferred 
to primary standards in the routine testing of 
diesel fuels for ignition quality for two reasons. 
The high cost of primary standards makes their 
use impracticable. Secondly, the use of such 
primary standards as cetene, cetane, and -methy]l- 
naphthalene involve additional experimental er- 
ror, since they are not typical of normal fuels 
in regard to specific gravity, viscosity, and 
other properties, and, under some _ conditions 
of engine operation, lead to peculiarities in 
the timing and manner of opening of the 
fuel valve. It is the opinion of the I.P.T. 
Diesel Panel that the adoption of common 
secondary reference fuels will lead to a closer 
agreement of results between laboratories. The 
paper reports tests by several laboratories 
of High-Ignition-Quality and Low-Ignition- 
Quality Reference Fuels. The cetane number 
of the high fuel was 70% and of the low 18; 
calibration was a straight line. The cetene 
number of the first was 80% and of the second 
20%, and the calibration a straight line. The 
cetane number-cetene number relationship is 
a straight line from the origin pass ng through 
the 80 cetene number = 70 cetane number. All 
of the tests indicate that the maximum experi- 
mental error to be expected on a suitable engine 
test is plus or minus 2 cetane numbers. 


Epilating Action of Ethyl Gasoline. 
H. J. TEMPLETON, GEORGE MICHAEL AND 
J. M. Key, Arch. Dermatol. Syphitol., 37 
(1938), pp. 35-42. 


Ethyl gasoline containing 0.03% tetraethyl 
lead and 0.02% C2:H«Brz applied to the skin of 
rats, guinea pigs or rabbits caused local loss 
of hair. Use of a gasoline containing higher 
concentrations of lead, for a period of a week, 
caused death in the case of % of the animals. 
A case of alopecia areata totalis in an automo- 
bile mechanic appeared to be caused by vapors 
of ethyl gasoline, although it is admitted that 
no similar case has been reported. 


Detection of Lead Derived From 
Lead Tetra-ethyl. H. Srepeneck, Oel u. 
Kohle 13 (1937), p. 1193. 


The use of a 1% solution of dimercaptol- 
thiodiazol is recommended for the detection of 
lead in waste water from ethylizing plants. 
When lead is present in as small quantity as 
3 mgm./litre a yellow precipitate is obtained. 
The reaction is applicable to the detection of 
lead in hydrocarbons. The reagent was also 
used to show that lead tetra-ethyl may volatilize 
together with hydrocarbon vapours at about air 
temperature. 
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New Equipment for the Modern Plant 








Extinguisher 
WALTER KIDDE & COMPANY 


Walter Kidde & Company, 140 Cedar 
Street, New York, has developed a new 
type hand wheel of the Lux fire ex- 








Kidde Control 


tinguisher. It is a definite improvement 
in the design of the control wheel on 
the operating valve of seat type ex- 
tinguishers. This new hand wheel gives 
a better grip, more leverage and is, 
therefore, easier to operate. It is pro- 
vided with a pull-out pin which is kept 
in tension at all times assuring positive 
sealing. With this Lux seat type valve 
premature operation due to vibration 
is impossible. 


Compressor 


THE COOPER-BESSEMER 
CORPORATION 


The Cooper-Bessemer Corporation, 
Mt. Vernon, Ohio, recently announced 
the new Cooper-Bessemer Type G-MS 
Compressor Unit. Rated 40- to 50- 
horsepower at conservative speeds, this 
addition to the company’s complete line 
of gas and Diesel engines and com- 
pressors is a combination of the well- 
known Type G-SD vertical pumping 
engine and a vertical compressor cyl- 
inder. 

Merged with all the attributes of the 
G-SD. vertical engine are the advan- 
tages of a 40- to 50-horsepower com- 
pressor that requires less than half the 
space of its horizontal predecessors, 
retains all of their slow-speed, long- 
life qualities and effects economies from 
first cost to actual operating and main- 
tenance expense. 

Designed for delivering gas into high- 
pressure lines, compressing air and re- 
frigeration gases, re-pressuring oil 
sands and for natural gasoline extrac- 
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tion in small plants, the Type G-MS 
compressor is light weight, rugged and 
extremely compact. Easily transported, 
requiring a minimum amount of floor 
space and housing, and convertible for 
oil or gas fuel, the compressor can be 
arranged for two-stage operation 
through the addition of a second com- 
pressor cylinder mounted horizontally 
on either side of the compressor base. 

The engine is a crosshead type with 
tapered roller bearings for its main 
shaft and is fully pressure lubricated. 
It’s crankpin bearings are precision 
removable shells and wrist pins are 
the patented “T” type, providing greater 
bearing surfaces than is usual in this 
type of engine. Crosshead pin bearings 
are removable bronze bushings. 

The vertical compressor, bolted to 
the drive end of a standard G-SD en- 
gine and using the same bolt circle pro- 
vided for the engine clutch housing, 
becomes an integral part of the power 
unit, its husky crankshaft supported 
at the outer end by a radial type roller 
bearing. The single-acting compressor 
cylinders can be arranged for either 
single or two-stage compression, by 
using a vertical and horizontal com- 
bination. The compressor lubricating 
system, entirely independent of the 
engine’s system, has built-in lube oil 
filter with the compressor base acting 
as a sump. Its water cooling system is 
in parallel with that of the. engine, a 
single safety device guarding both 
against low water supply. Compressor 
connecting rods are identical with those 
of the engine and piston pins float in 
removable bearings. The vertical com- 
pressor cylinders are available in sizes 
from 6 to 9 inches. Horizontal cylin- 
ders for two-stage operation may be 
used in any size within the engine’s 
horsepower rating. 

Built-in centrifugal water pump, 
heavy-duty roller bearings, advanced- 
type crossheads and all iron castings 
of Meehanite Metal are other features 
of this new Cooper-Bessemer com- 
pressor unit. 





Cooper-Bessemer Type G-MS 
Compressor Unit. 





Balanced Lever Valves 
A. W. CASH COMPANY 


A. W. Cash Company, Decatur, Illinois, 
announces the Series 42 Balanced Lever 
Valves for use with steam, air, oil, water 
(hot or cold) and most gases. 

In the Series 42 valves the roller-guided 
top works insure free valve movement, 





A. W. Cash Company Balanced Lever 
Valve 


perfect valve stem alignment, tight seat- 
ing, longer packing life, and minimum of 
friction. The valve stem roller is guided 
at top and bottom. Nitralloy rollers and 
roller pins are used. There is no lost mo- 
tion. Double or single seat. Hefty renew- 
able seat rings. Weighty walls. Uniformity 
throughout and precision machined. Any 
type inner valve: (1) parabolic type; (2) 
flat type with bevel seat; (3) V-port type 
with bevel seat; and (4) V-port type non- 
seating. Large capacity. Available any size, 
any materials, %” to 3” screwed ends; 
1” to 12” flanged ends (any type). When 
used with Series 90 or Series 100 Con- 
trollers, they control, automatically, inflow 
or outflow (reduction, relief, differential 
pressure, rate of flow, liquid level). 


Pillar Jib-Crane 
THE HARNISCHFEGER 
CORPORATION 


The Harnischfeger Corporation, Mil- 
waukee, has recently developed a new 
self-supporting pillar jib-crane for work 
in side bays, low headroom areas, and 
other confined spaces where overhead 
traveling or hoist service is not avail- 
able or practical. A strongly-built, well- 
balanced unit with jib-arm swinging on 
the finest roller bearings, this jib-crane 
is built in capacities up to 5 tons, 
heights up to 20 feet and to a maxi- 
mum radius of 20 feet. It is practical 
for use throughout the industry in all 
types of production plants where ma- 
terials are lifted, lowered or moved in 
the process of manufacture. Several are 
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ated over one process of aihienl ben ad de | 

ser tubes before being entirely satisfied 
with it... entirely certain every step 
could be checked from’ start to finish. 

That process was extrusion “And ‘fol- 
lowed hot piercing and.cip, drawing. 


All three methdds (as Scovill fashions | 


them) are as closely controlled as mod- 
ern science and human ingenuity can 
make them. For example, each heat is 
analyzed for composition — accuracy of 
temperature control is maintained 
throughout operations — frequent in- 
spections are made during the process 
— and a final check makes certain that 
material meets specifications. 

We like to call that — engineering in 
production. This is supported by years 
of field experience. Broadly expressed in 
our Heat Exchange Tube Manual are 
conclusions formed from these years of 


experience . . . information collected, 





J Not only on immediate prob- 

lems is the Heat Exchange Tube 
Manual used; its 149 weighty pages are 
also at the disposal of Scovill customers 
and prospects. 

Yes, we sell condenser tubes in eleven 
different alloys, but in addition, we 
provide Engineering data, Engineering 
production, and an Engineering service 
to each Scovill customer. 

On request we will send an illus- 
trated booklet describing the three 
methods by which Scovill makes con- 
denser tubes. Address Scovill Manu- 
facturing Company, 15 Mill Street, 
Waterbury, Connecticut. 








Tubes in an oil refinery heat exchanger had 
an average life of 11 months. This was normal 
for the equipment under existing conditions 
but was not so satisfactory as to preclude con- 
sideration of other tube alloys. Scovill engineers 
suggested the trial of tubes of a different com- 
position. This was done and, although the cost 
of the recommended material was 32% greater 
than the alloy previously used, tube life was 
lengthened to 2 years, an increase of 118%, in 
addition to the usual savings made from longer 
tube life. 
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already in use throughout the country. 
This type of crane may be furnished 
with either the standard P&H pendant 
rope of. push-button controls on the 
hoist and, for slightly higher cost, may 
be equipped with the newly-presented 
P&H Push-button Master Variable 
Speed Controller which controls all 
lifting, lowering and traveling opera- 
tions. Operators report that the boom 
swings with ease and that it is a great 
aid in speeding up production. Installa- 
tion is made without the need of any 
revamping of existing supports. 


Oil Burners 
MAHR MANUFACTURING COMPANY 


Mahr Manufacturing Company, Di- 
vision of Diamond Iron Works, Min- 
neapolis, Minnesota, announces a com- 
plete new line of low-pressure triple- 
atomizing oil burners, known as the 
“20” series. The burners are designed 
for use in industrial heating operations 
and are of rugged design to withstand 
severe service. All parts are accurately 
machined to insure uniform operation 
of all burners of the same size and to 
insure ease of parts replacement. 





Mahr Low-Pressure Oil Burner 


The burners are easy to light even 
with the heavier grades of oil and a 
cold furnace. They are free from oil 
drip and carbonizing in the heat duct. 
The air-control is by a lever handle on 
the internal unit. The oil supply is 
controlled by a.type “G” oil regulating 
valve. For burning low-pressure gas, a 
special gas internal unit is installed in 
place of the old internal unit. All parts 
are interchangeable and can be changed 
from one fuel to the other in a few 
minutes. 


Ratchet Wreneh 


BONNEY FORGE & TOOL WORKS 

The Bonney Forge & Tool Works, 
Allentown, Pa., announces that a 15- 
inch Ratchet Wrench has been added 
to its line to meet an increasing de- 
mand for a ratchet of that length for 
use with %-inch square drive sockets 
and handles and attachments. 

Known as No. 4098, it is of the re- 
versible type. A feature of the wrench 
is that it can quickly be changed into 
a 10-inch ratchet for use in close quar- 
ters by simply removing the extension 
which screws deep into the handle of 
the 10-inch end. The knurled double 
grip permits the maximum leverage to 
be exerted. 

It is drop-forged of Zenel steel, is 
chrome-plated and buffed to a high, 
permanent lustre. 

The tool, the manufacturer claims, is 
highly desirable to mechanics because 
it offers all the advantages of both 10- 
inch and 15-inch ratchets in a single 
tool at only slightly increased cost over 
the 10-inch size. 
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Vertical Welder 


THE HARNSCHFEGER 
CORPORATION 


The Harnischfeger Corporation, Mil- 
waukee announces a 150-ampere verti- 
cal type welder. Designed to occupy a 
minimum of floor space, this new weld- 
er is a highly adaptable machine, avail- 
able for a wide range of work in weld- 
ing the lighter gauge metals, both fer- 
rous and non-ferrous. With plug-in 
type cable receptacles for easy current 
reversing, and patented, single-current 
control, it is simple in operation. It is 
designed for high current uniformity, 
and is an ideal unit for use in the pro- 
duction welding line where smooth, 
uniform welds are essential. Furnished 
in the A.C. drive only, this little ma- 
chine ‘is less than 4 feet in overall 
height. An ingenious towing handle 
provides easy movement around the 
shop, and ample stability when raised 
to form a 3-point base. Proper ventila- 
tion and cooling is provided through 
the fresh air intake at the top, and the 
exhaust at the bottom. It can also be 
furnished with lifting ring and without 
wheels where portability is not neces- 
sary. 


Ignition Lag Indicator 
AMERICAN INSTRUMENT COMPANY 


The American Instrument Company, 
Silver Spring, Maryland, recently in- 
troduced the Aminco-Penn State Ig- 
nition Lag Indicator for accurate and 
speedy determination of the ignition 
quality or cetane number of Diesel- 
engine fuels. The inherent accuracy of 
the instrument in rating Diesel fuels 
is greater than one fourth cetane num- 
ber, and with it, the ignition quality of 
from 10 to 15 fuels per hour have been 
determined in actual practice; thus it 
is more reliable than the bouncing-pin 
method and about: ten times faster. 

This indicator, which is supplied to 
fit the standard Waukesha C.F.R. 
Diesel Test Engine, can be installed 
in about one hour by the average op- 
erator, and with it, any person qualified 
to operate the test engine can readily 
grasp the method of conducting satis- 
factory tests. 

The method consists of injecting the 
fuel at a given time before top center, 
and adjusting the compression ratio to 
give ignition at top center, as meas- 
ured by the indicator. The fuel whose 









































ignition quality is known is bracketed 
between two known fuels. 

The apparatus consists of magnetic 
pick-ups for detecting the injection and 
ignition impulses, a double thyratron 
relay for converting these impulses into 
short-lived surges of electricity, and a 
neon protractor mounted on the fly- 
wheel and bearing two neon lamps (set 
at a known angular distance from each 
other) to convert the impulses into a 
visual signal. The apparatus is de- 
scribed in manufacturer’s Bulletin 1090- 
RN which will be sent on request. 


Air-Actuated Remote 
Recorder 


METRIC METAL WORKS 


Metric Metal Works, Erie, Pa., of 
American Meter Company, announces 
completion of field installation tests on 
its perfected new “Metric” Air-Actu- 
ated Remote Recorder. 

This remote recorder accurately 
charts—at a point remote from meter 
installation—the volume of gas, air, 
steam or fluid measured by orifice 
method. The device consists of send- 
ing, receiving and control apparatus— 
and the control mechanism may be 
installed in either the sending or re- 
ceiving unit case. 

(This same principle of remote trans- 
mission may be utilized in connection 
with zero to 100 percent throttling— 
in the control of rate-volume, or for 
automatic reset control.) 

Position of differential pen arm in 
the sending of the Remote Recorder 
is at all times duplicated in the receiv- 
ing unit by the position of the differ- 
ential pen arm which makes the chart 
record, and there is little lag in syn- 
chronization.. Sending and _ receiving 
units are connected by 3/16-inch copper 
tubing. To put the Remote Recorder 
into service, it is necessary only to set 
the differential pen arm at zero on the 
chart, and to open an air-line valve 
and adjust a pressure-reducing valve. 
Operation is positive. 

Valve in the air line, connected at S, 
is opened; and pressure reducing valve 
in the sending instrument is adjusted 
so that 35 pounds is shown on gauge R. 
Differential pen arm 6 in the receiving 
instrument will leave the chart hub 
and come to rest at zero (if necessary, 
adjust to zero with micrometer on pen 
arm). 

A forged steel Westcott orifice meter 
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Sending Unit of Air-Receiving Unit of Metric Actuated 
Remote Recorder. 
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SPECIALIZATION has its spheres, but in a manufactur- 
ing material versatility usually has the advantage. 
For instance, a truly versatile steel — one that can be 
made to meet the individual requirements of different 
applications — offers economies and shop efficiencies 
obviously impossible with a multiplicity of types. 
One company building machine-shop equipment 
has standardized on a Chrome-Manganese-Moly 


MANY PARTS...ONE STEEL 





steel for a great variety of parts. It was selected 
because it can be heat treated to a high hardness 
and still remain readily machinable. 

Versatility is a feature of Moly steels in general. 
It reduces the chances of error by simplifying stock- 
room procedure and inventories; permits greater 
standardization of processes; assures more uniform 
results; and is an important factor toward economy. 


The wide range of applications of Moly steels has been definitely proved in laboratory, shop and field. 
Our book, “Molybdenum in Steel,’’ offers a quick technical survey of their scope. We invite engineers 
and production executives to write for it. Climax Molybdenum Company, 500 Fifth Avenue, New York City. 


PRODUCERS OF FERRO-MOLYBDENUM, CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 
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differential gauge in the sending instru- 
ment actuates differential pen arm A 
and lever B. Pen Arm A indicates on 
Scale U the differential across the ori- 
fice plate at each instant. Lever B, 
through link K and lever H, moves the 
valve of a standard Metric. Rotary 
Pilot «€C)—Consisting essentially of 
housing sleeve, rotary seat and rotary 
valve. Air supply for pilot valve C is 
connected at S. Gauge R, indicating 
pressure available, is connected to pilot 
valve C by line Q. The outlet of pilot 
valve C is line P, which is connected to 
sylphon, and a point T is connected to 
the receiving instrument. 

If. differential pen arm A is moved 
in a clockwise direction, lever H moves 
the valve of pilot C, increasing pressure 
in outlet pipe P. Line P extends 


through spring O-and is connected to 
sylphon N at bracket N’. Pressure in- 
crease in line P causes spring loaded 
sylphon N to expand, M’ and O/ to 
rise, and spring O then to be. com- 
pressed. Link M moves lever G (pivoted 
at L) clockwise, and this movement 
through link F, adjustment E and lever 
D, moves clockwise the seat of the 
pilot. 

It is seen that the valve of the Metric 
Pilot is moved by the differential pen 
arm, and the seat of the pilot valve is 
moved in the same direction by the 
expansion of the sylphon N. Conse- 
quently, when the seat of the pilot 
valve moves through the same angle 
as the valve, there will be no further 
increase in pressure in line P. For a 
definite movement of-the pen arm, 





TUBE AND SHELL CONDENSERS 


AND HEAT EXCHANGERS 


Fabricated and Erected to your 


Specifications 
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there will be a definite expansion of 
the sylphon N to permit a definite pres- 
sure in line P, and to produce definite 
compression in spring O. Therefore, a 
definite pressure in the outlet line P will 
be obtained for each position of differ- 
ential arm A. 

The force available for moving the 
pilot valve seat and compressing the 
spring for a full scale deflection, is 30 
pounds. Since practically all of this 
pressure is utilized in compressing the 
spring, a small change in friction will 
not produce any inaccuracy. 

Outlet line P is connected to the 
receiving instrument, which consists of 
a spring loaded sylphon 1-2 (exactly 
similar to sylphon N-O). Sylphon 1-2— 
through link 3. adjustment 4 and lever 
5—actuates pen arm 6. As there is a 
definite position of sylphon 1-2 for each 
pressure in line P, just as there is for 
sylphon N-O, pen arm 6 will assume 
a definite position on the chart for each 
definite position of pen arm A in the 
sending instrument—and the positions 
of these two pen arms always will be 
the same. As in the sending instrument, 
30 pounds is available for spring com- 
pression and movement of the control 
mechanism for a full scale deflection. 

Accuracy of this long distance trans- 
mitter has been verified during an ex- 
tended period of rigorous test in vari- 
ous field installations. 


Floor Truck 


LEWIS-SHEPARD COMPANY 


Lewis-Shepard Company, 245 Wal- 
nut Street, Watertown; Mass., presents 
its newly-designed floor truck. This 
truck has many exclusive features, such 
as arc-welded frame of special design 
with double side girders, which hold 
the hardwood top in place with a vise- 
like grip, eliminating the use of bolts. 
T-type steel end protection saves top 
wood from being chewed _ through 
rough usage. Casters are hung on four 
steel arch sections which, by their in- 
genious arrangement, allow a_ large 
kick space. The main wheels are sus- 
pended on a bridge type Hanger. Axles 
are easily removable and are reinforced 
by means of a tubular axle housing. 
Hyatt roller bearings are used in all 
wheels. 

Much thought was given to weight 
distribution, and the design allows easy 
steering and rolling, with a minimum 
amount of end tipping. Metal, solid 
rubber or pneumatic tires are available. 
Standard capacities are from 1000 to 
4000 pounds. 


Desuperheater 


NORTHERN EQUIPMENT COMPANY 


Northern Equipment Company, Erie, 
Pennsylvania, has introduced the new 
Copes Desuperheater. It is designed 
for either total or partial elimination 
of the superheat from steam to be used 
for process work, or for auxiliaries 
built for reduced-temperature steam. It 
operates on steam from 212 to 1100° F., 
maintaining within close limits the de- 
superheated steam temperature, regard- 
less of changes in temperature of the 
superheated steam. 

The Copes Desuperheater is installed 
in the steam line as a self-contained 
unit. The only connections needed are 
a water supply for desuperheating, 4 
water or air pressure line for the 








Ask an Edward assembler whether 
Edward valves are good! He'll tell you. 
When he stamps his symbol on a valve, 
he knows it has qualities — plus values 
in every detail — other valves don’t have. 
He has pride in his work because he is 
proud of the Edward name — a name 
associated with brilliant performance ever 
since the earliest use of high pressures. 


Edward workmen put 
the best they have 
into every Edward 
valve, be it big or little 


And remember — today’s Edward valves 
get by on no worn-out reputation. By 
gruelling tests, intensive field study and 
technical research, they are being built 
ever better. Find out about them! 


The Edward Valve & Mfg. Co., Inc. 
EAST CHICAGO INDIANA 


EDWARD VALVES 
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LEACH 


FRACTO 


CONDENSERS 


for High Pressure 
and Temperature. 


Also Heat Exchangers for Vac- 
uum and Atmospheric Service. 


vact® \ Patented in the United 
Contr } States and Foreign 


Countries 


C. H. LEACH CoO., Inc. 


117 Liberty Street, New York, N. Y. 


KERLOW 
FLOORS 


KERLOW gratings and safety steps are 
made in all riveted and rectangular types 
and cut to fit your exact requirements. 


For: Subways, boiler room floors, walk- 
ways, fire escapes, platforms, areaways, 
sidewalks, trench covers. KERLOW Bridge 
Paving (open and solid types). 

Ask about Kerlow “BOLDE]” Safety Steps. 
—The latest advancement in safety steps 








Write for Catalog 
Representatives in Principal Cities 


KERLOW STEEL FLOORING CO. 


Dept. R 
210 Culver Ave. Jersey City, N. J. 
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diaphragm operator, and a drain to 
carry off excess condensate brought 
over by the steam when the desuper- 
heater is first cut into service. 

The flow of cooling water is con- 
trolled at the spray nozzle. A constant 
pressure drop is maintained across the 
nozzle, permitting a continuous supply 
of cooling water to be sprayed into 
the superheated steam in exact propor- 
tion to the demands, from minimum to 
maximum flows. This fact, plus the 
positive action of the thermostatic tem- 
perature control element, assures de- 
pendable operation and sensitive con- 
trol under all conditions. 

Boiler feed water can be used as a 
cooling water supply. Air or water can 
be used to actuate the pilot operator 
of the water control valve. The desuper- 
heater can be designed to use the cool- 
ing water for this purpose if desired. 

Simple external adjustments permit 
varying the degree of desuperheat and 
the sensitivity of control at will. 


Transformer Housing 


FRANK ADAM ELECTRIC COMPANY 


Frank Adam Electric Company, St. 
Louis, Missouri, has developed a new 
pole-mounting weatherproof cabinet, for 
outdoor meter and transformer housing. 

The cabinet proper is made to house 
meters or transformers—or both. It is 
weatherproof—sturdily designed—rigid- 
ly built—and provided with 2 substan- 
tial doors that fit snugly against gas- 
kets to assure tight seal when the doors 
are closed. 





Frank Adam 


Transformer Housing. 


Internally, the cabinet is fitted with 
%-inch cypress instrument mounting 
board—also adjustable mounting straps 
to accommodate several styles and 
sizes of transformers. 

Screened openings for ventilating are 
provided under the hood at the top of 
the cabinets. Water cannot’ enter 
through the ventilating openings. 

The cabinet can be furnished with or 
without the platform stand shown in 
the photograph—the latter being espe- 
cially convenient for workmen’s use 
when mounting and _ servicing the 
housed equipment. 

All parts of the entire construction 
are of heavy metal, substantially con- 
structed to withstand severe outdoor 
service. 





Testing Cabinet 


GENERAL REFRIGERATION 
CORPORATION 


General Refrigeration Corporation, Be- 
loit, Wisconsin, has developed a special 
testing cabinet for use in the method of 
testing for the cloud and pour points of 
lubricating oil. During the past year a 
number of these test cabinets have been 
used by some of the larger refining com- 
panies in testing laboratories. Among the 
advantages claimed for this cabinet is its 
compactness, the accuracy and constancy 
of the temperatures maintained and the 
speed with which cloud and pour tests can 
be conducted through its use. 





General Refrigeration Corporation 
Testing Cabinet. 


The cabinet is 36” long, 36” high and 22” 
deep, heavily insulated with corkboard, 
with black enamel finish and stainless steel 
top and trim. A % H.P. water-cooled 
Lipman refrigerating machine connected 
to a full-flooded annular type lowside is 
installed in the base of the cabinet, making 
the entire equipment self-contained in every 
respect. Power and water supply and drain 
lines only, need be run to the cabinet. 

The cabinet has three compartments 
with openings in the top, one for each of 
the three temperatures at which cloud and 
pour tests are made. Each compartment 
has six 2” I.D. wells or jackets conform- 
ing to A.S.T.M. specifications, holding 
standard cylindrical oil test bottles giving 
the cabinet a total capacity of 18 test 
bottles. 

Temperatures in each compartment are 
regulated by constant pressure regulat- 
ing valves conveniently located, one for 
each compartment. Once set at the proper 
point, temperatures are maintained auto- 
matically and the operator wastes no time 
in making adjustments. Temperature in 
the first compartment is maintained at 30 
to 35° F., in the second compartment at 0 
to plus 5° F., and in the third compart- 


WANTED—Chemist having five or more 
years experience in charge of asphalt 
manufacture, corrosion control, treating, 
boiler feed water control, research and 
shipments. Must have technical education 
as well as practical training and ability 
to organize this department. State salary 
desired. Box 50, The Refiner, Houston, 
Texas. 
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Reg. in U.S. Pat. Off. 


—a Refractory Lagging for 
Temperatures up to 2200°F. 


With Remarkable Insulating Properties 


INSULAG is light weight—sets quickly—adheres to hot or 
cold surfaces — expands after application and retains volume — 
no shrinkage, cracks, pulling away, or powdering off—devel- 
ops high mechanical strength —withstands shock, abrasion and 
vibration — durable — defies weather—does not lose insulating 


value after repeated heating. 


Usual practice is to trowel on metal lath. Makes a white, hard- 
finish surface, weather-proof, air-tight; and free from cracks. 


Shipped in powdered form. Mixed with water on the job to a 
heavy troweling consistency. Send for New Bulletin 327R 


COMPANY, inc. 
56 W. 45 ST., NEW YORK, N. Y. 


Distributors with Stocks and Service in Important Industrial Centers Throughout the United States, 


QUIGLE 


Canada, and in 32 Other Countries. 
In Canada, Quigley Company of Canada, Limited, Lachine, P. Q. 


INSULAG 





Tube Still INSULAGGED 








COMPRESSION 
AND 
| NATURAL GAS 
| ALIGNMENT CHARTS 


By THOMAS T. GILL 





The charts in this book 
have been found useful in 
solving field problems aris- 
ing in connection with the 
measurement, compression 
and transmission of natural 
gas, and in the manufacture 
of natural or casinghead gas. 
As many of the formulas in 
common use in natural gas 
operations are of an impiri- 
cal nature, with constants 
that must be _ evaluated 
under varying conditions, it 
will be found that alignment 
charts are sufficiently accurate for nearly all purposes 
except for metering large quantities of gas, and here 
they serve as an excellent check on other calculations. 
Contains 41 charts, 65 problems. Price $3.50 Postpaid. 


Send check to the 
GULF PUBLISHING COMPANY 
P. O. Box 2811 
HOUSTON, - - TEXAS 


COMPRESSION 
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ALIGNMENT CHARTS 
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I'M 
TALKIN’ TO THE MAN 
WHO WANTS 47 POUNDS! 


os. 







Or 7, or 107 pounds! 


Here’s one pressure oar 
that isn’t bad news! the 
STRONG packless, pilot- po ol eg 
single-seated valve for air, steam 
or gas. 

Amazingly simple, and with 
valves and seat of “wear ever” 
ANUMETL, you can install a 
STRONG supersensitive regulator 
and get accurate pressure reduction 
from now on—and with practically 
no upkeep! Try one, and you'll 
standardize on STRONG! 


FREE! Accurate, easy way to size 
pressure regulating valves. Send for 
Bulletin 154. 


STRONG 


QUALITY STEAM ‘SPECIALTIES 


The Strong, Carlisle & Hammond Company 
1392 West Third Street, Cleveland, Ohio 










































































“John Crane” Style 804-D 


Recommended for a Temperatures 


(1000° F.) on Hot and Gasoline 


Service. 


for 
VALVE 
STEMS 


Hot Oils — Hot Gases 


The base of this packing 
is purest asbestos yarn— 
jacket over jacket con- 
struction. Each and every 
strand is graphitized and 
treated with CRANEPRENE 
—our own oil and gaso- 
line proof binder. This 
produces a packing im- 
mune to hot or cold oil, 
gasoline, kerosene, crudes 
and distillates. 


Easy to use — permanent 
packing! Manufactured in 
} , Spools, Reels and Coils. 
All sizes from 3/16” to 1” 


Send for this 
new oil 
Bulletin. 


CRANE POCKING CO 


CHICAGO, ILLINOIS 





1804 CUYLER AVE 

















ment —30 to —25°F. Temperatures are 
identical in all jackets of each compart- 
ment and if. desired, may be quickly 
changed. A thermometer well is also lo- 
cated in each compartment. 

A push-button switch controls the-start- 
ing and stopping of the refrigerating ma- 
chine and a pilot light indicates whether 
or not the machine is running. Safety de- 
vices such as high pressure cutouts and 
motor overload ‘protection are standard 
equipment on the Lipman refrigerating 
unit. After the machine is started it takes 
approximately 10 minutes to secure suit- 
able temperatures in the warmest compart- 
ment, 20 minutes in the middle compart- 
ment, and_35 minutes in the coldest com- 
partment. A cabinet of this type is of real 
assistance. in the successful operation of a 
general laboratory or gasoline and lubri- 
cating oil refinery laboratories. 


Safety Valve 


J. E. LONERGAN COMPANY 


. E. Lonergan Company, 211 Race 
Street, Philadelphia, announces an im- 
proved safety valve designated as 
model “WTN” in which, the manufac- 
turer states, have been incorporated all 
of the best features developed during 
many years of manufacture of such de- 
vices. It is as simple and practical as 
can be made and yet give a_high lift 
and large capacity, it is said. The valve 
has an advantage in that it has a full 
throat tube seat area which will induce 
a high capacity and cause no restriction 
of the flow. This is accomplished with- 
out the necessity of an excessive lift 
which results in a tax on the spring and 
lessens its life. The disc is top guided, 
and the spring encased, placing it out 
of the flow of steam or hot liquids. The 
working parts of the valve are symmet- 
rical in design, calculated to allow even 
expansion and contraction through the 
uniform heat transfer from one work- 
ing part to another, thus relieving the 
abrasive or tearing action across the 
seat, caused by the surfaces expanding 
and contracting unevenly. The “WTN” 
valve can be manufactured from any 
metals suitable for its intended service 
and in accordance with specifications 
for gases or liquids of any nature. It is 
furnished with flanged inlet and outlet, 
flanged inlet and screwed outlet or 
screwed inlet and outlet. 


Gas Indicator 
DAVIS EMERGENCY EQUIPMENT 
COMPANY 


Davis Emergency Equipment Com- 
pany, 55 Van Dam Street, New York, 
announces a new combustible gas indicator 
for measuring directly the combustibility 
and explodibility of gas-air mixtures. 

In designing this indicator, the ob- 
ject was to produce an instrument that 
would be as light, as compact, and as 
economical as possible without sacri- 
fice of accuracy of measurements. The 
weight of the indicator, complete with 
batteries, is only 6 pounds; the dimen- 
sions of the instrument panel are 6% 
x 534 inches; and the depth of the case 
is 334 inches. The instrument is, there- 
fore, easy to handle and carry around. 

Current is supplied by two standard 
dry batteries, thus obviating the diffi- 
culty of obtaining special batteries. 
Two batteries give 3% hours of con- 
tinuous operation, and, when used in- 
termittently, as is usually the case, they 





permit a large number of tests to be 
made before renewal is required. 

The resistance of the platinum fila- 
ments used in both the active and com- 
parison cells is controlled within very 
close limits, which insures the same ac- 
curacy. found in larger instruments. The 
two filaments are _ interchangeable, 
making maintenance more convenient. 

A rugged 3-inch meter shows direct- 
ly the percentage of the lower. explo- 
sive limit of the mixture being sampled. 
The meter is mounted under the panel, 
with only the scale showing, and is pro- 
tected from damage by shatter-proof 
glass. A push button changes the meter 
reading to volts for checking purposes, 
and the change can be made while sam- 
pling. 

The Davis combustible gas indicator 
is used for measuring the flammability 
of the atmosphere in tanks and other 
containers of flammable liquids and 
gases, ship holds, manholes, conduit 
systems, and other places where flam- 
mable gas-air mixtures may be found. 
A test can be made in a few seconds 
and guards against the danger of intro- 
ducing flames or sparks or doing weld- 
ing and other “hot” work in flammable 
or explosive atmospheres. 


Portable Cooling Unit 
AMERICAN INSTRUMENT COMPANY 


American Instrument Company, Sil- 
ver Springs, Maryland, announces a 
new portable cooling unit for use in 
baths or tanks where bath temperature 
is to be maintained at or below room 
temperature with an accuracy of plus- 





Discriminating refin- 
ers the world over 
have learned that 
when they specify 
“NEWARK” Wire Cloth Products, they 
are getting the utmost in value 
— Wire Cloth in all metals, 
weaves, meshes and sizes; Test- 
ing Sieves; Shakers; Riddles; 
Metallic Filter Cloth; 
Strainers; Sifters, 
ete. That is why 
they say 












NEWARK WIRE CLOTH CO. 


350-364 Verona Ave. Newark, N. J: 
Sales Representatives: Chicago, Detroit, Havana, 
Houston, Los Angeles, San Francisco, Tulsa 
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JERGUSON 
REFLEX GAGES 


Year in, year out Jerguson has served the 
industry, supplying these accurate, dependable 
gages for steam boilers and for indicating 
liquid levels in tanks, towers, stills, ete. Every 
oil man knows— 
















FAMOUS 
FOR SPEED - TeMis-e@ The 


APL eka | empty 
See Our Adv. in SWEET’S Space 
The ROTO Company appears 


145 Sussex Ave., Newark, N. J. 
WHITE 


Clean SMALL TUBES 
Faster-Better with a ROTO JUNIOR 











The 
liquid 
shows 
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INTEGRAL GEAR REDUCTION 
FOR COMPACTNESS AND LIGHT WEIGHT 


Either spur or herringbone integral gear 
reductions are available. This construction 
is ideal for refinery service where size and 









weight are restricted. We will appreciate Safe and dependable at all temperatures and 

quoting on your requirements. pressures. Furnished with or without valves 

WATEROUS COMPANY for every type of service. Full information 
St. Paul, Minnesota upon request. 











WATEROUS JERGUSON GAGE “ VALVE CO. 


HEAVY DUTY SOMERVILLE, MASS. 


ROTARY PUMPS 


June, 1938—A Gulf Publishing Comtany Publication 




















minus 1°C. It is especially advantage- 
ous for warm weather operation of 
constant-temperature baths. 

The unit consists of a suitable re- 
frigerator unit fitted with a cooling coil 
and expansion valve. The refrigerator 
is mounted in a perforated metal hous- 
ing. The cooling coil is connected to 
the refrigerator by seamless flexible 
metal’ tubing. The expansion valve is 
automatic in operation and requires no 
attention. 

The refrigerator measures only 12x15 
x21 inches high; and, being mounted on 
ball-bearing casters, may be moved 
about easily. 

This unit is put into service quickly 
and no installation is required. Merely 
roll the cooling unit to the bath or tank 
whose contents are to be cooled, im- 
merse the coil in the bath liquid, set 
the thermoregulator and place it in the 
bath, plug in to the current supply, 
throw the switch, and the unit is ready 
for continuous duty. No pipe connec- 
tions to be made; no valves to oper- 
ate; no adjustments to be made other 
than setting the thermoregulator; no 
boring of holes or breaking of pressure 
connections; no brine or water cooling 
system required. 


Pneumatic Telemetering 


THE BRISTOL COMPANY 

The Bristol Company, Waterbury, Conn., 
has developed a pneumatic telemetering 
system for recording and automatically 
controlling temperature, flow, pressure and 
liquid level, known as Bristol’s Metavane 
System. 





Bristol Metavane System 


While this telemetering system has a 
wide field of application in industry, it is 
particularly well suited for use in plants 
where explosive fumes are present. Being 
operated entirely by air under pressure, the 
explosion hazard present when electricity 
is used is completely eliminated. 

Bristol’s Metavane system of telemeter- 
ing provides a simple, accurate method of 
measuring such variables as those men- 
tioned above, at any point in a plant or 
process, and of transmitting the measured 
value pneumatically to some remote cen- 
tral location where it can be either re- 
corded, indicated, or automatically con- 
trolled. 

The Metavane consists of two instru- 
ments: the transmitter and the receiver. 
The transmitter measures the variables in 
question, indicates its value on a scale for 
the use of the operator, and transmits the 
reading to the receiver, which may be sev- 
eral hundred feet away. The two instru- 
ments are connected together by means of 
copper tubing. A 15 lb. air supply intro- 
duced at ‘the’ transmitter provides power to 
the telemetering system. , 
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vY BUSINESS NOTES VY 


O BETTER coordinate activities in 

the development and application of 
standards both within the company and 
without, General Electric Company has 
formed a new standards department. 
This. organization will work with the 
various local, national, and internation- 
al associations and agencies interested 
in standards and codes and will also 
promote the development of standards 
for use in the company’s engineering 
and manufacturing department. The 
new department will be headed by L. 
F. Adams, who will serve as manager 
and assistant to Vice President E. O. 
Shreve. Associated with Adams _ will 
be E. B. Paxton, E. R. Anderson, H. 
W. Samson and H. W. Robb. 

Formation of the standards depart- 
ment centers in one organization the 
work formerly done by smaller groups 
throughout the various General Elec- 
tric plants. At the same time, however, 
the several standardizing committees 
already established by the company 
will continue to function in the de- 
velopment and design of apparatus in 
their respective lines. 


HE Foxboro Company announces 

the change of address of its Dallas 
office and branch factory to 1710 North 
Akard Street. The entire building will 
be occupied by The Foxboro Company, 
in order to enable it to maintain a 
larger stock of instruments, charts and 
replacement parts. 


HE Lincoln Electric Company, 

Cleveland, Ohio, announces appoint- 
ment of J. M. Chapple as managing 
director of the new manufacturing sub- 
sidiary, Lincoln Electric Company 
(Australia) Pty., Ltd., recently estab- 
lished at Alexandria, (Sydney) Aus- 
tralia, by J. F. Lincoln, president of 
the company. A factory building has 
been purchased which will manufac- 
ture: arc welding machines, electrodes 
and accessories. Chapple will be in 
charge of manufacturing, sales and ad- 
vertising of the new company. 


HE Marley Company, Kansas City, 

Kansas, manufacturers of water 
cooling equipment, announce the open- 
ing of its southeastern sales branch in 
Atlanta, Georgia. T. A. Tobin, former- 
ly of the home office sales staff, has 
been transferred to Atlanta and is in 
charge of the new offices in the Walton 
building. 


HEFFLER-GROSS COMPANY, 
Drexel Building, Philadelphia, an- 
nounces appointment of Specialty 
Products Company, Boston, Mass., as 
exclusive distributors in the New Eng- 
land states for Duoflo suction and dis- 
charge strainers. 


ss poaeadecsted Diesel Company, Ltd., has 
appointed W. C. Morgan as dis- 
trict. sales engineer in the southwest 
territory to be located in Tulsa. W-K-M 
Company is agents in the Mid-Conti- 
nent field. 


ICHEAL J. LEAHY, consulting 

chemical and metallurgical engi- 
neer, Fort Worth, Texas, has estab- 
lished a new office and research labora- 
tory at 809 Nashville Street, and has 
equipped the laboratory for research 
and development of industrial chemical 
and metallurgical processes and for ex- 
perimental work on these types of 
problems which may arise in the petro- 
leum industry. For several years Leahy 
has specialized in design and develop- 
ment of processes and equipment, in 
patent research and in technical aid in 
patent litigation. The new laboratory 
will be used for the testing of new 
processes on a semi-plant ‘scale in 
which commercially obtainable metals 
and parts and industrial grades of raw 
materials will be used. Leahy has con- 
tributed several technical articles to 
THE REFINER and to the trade and techni- 
cal press during the past several years. 


nected with The Manhattan Rubber 
Manufacturing Division of Raybestos- 
Manhattan, Inc., has been appointed man- 
ager of the Chicago Mechanical Rubber 
3ranch. 

Wittrup will serve under John H. Mer- 
rell, vice president of Raybestos-Manhat- 
tan, Inc., who is in charge of sales in the 
Mid-Western district. 


J B. WITTRUP, for 23 years con- 


N line with their general expansion pro- 

gram, C. W. Velie, recently appointed 
sales representative for Manning, Maxwell 
& Moore, Inc., in the southwestern dis- 
trict at Tulsa, has been given an increased 
territory in the same district, but with 
headquarters transferred to Dallas. Velie’s 
activities in his enlarged territory cover 
all of the products of the Ashcroft Gauge 
Division, Hancock Valve Division, Con- 
solidated Safety Valve Division and 





The Marley Company, Kansas City, Kansas, recently moved to its new warehouse 
and office building in the Fairfax industrial district and the new address is 3001 
Fairfax Road. The new building is modern in every respect. 
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Makes dis-assembling and 
inspection easy, without 
disturbing piping... 


TRAIGHT-LINE 
ONNECTION 





COCHRANE BUCKET TYPE STEAM TRAP 





Design and construction assure efficient 
operation and long life. Quick, positive 


orifice area, preventing wire drawing and 
erosion of valve and seat. Water seal pro- 


vided by inverted discharge tube permits sizes. 


Cochrane Corporation, 3115 N. 17 St., Philadelphia, Pa. 


COCHRANE 





STRAIGHT-LINE BUCKET TRAP 


bucket to regain buoyancy before complete 
discharge. Valve snaps shut without blow- 
action discharges condensate through full ing steam. Bucket and valve are the only 
moving parts. Write for Publication No. 
2663 telling how to select proper trap 




















Locate and Repair 
Diesel Engine Troubles 
Quickly and Easily. 


Use the new wall chart prepared by Victor 
W. Pagé, M.S.A.E., the well known automo- 
tive engineer, SYSTEMATIC LOCATION OF 
DIESEL ENGINE TROUBLES. 


Shows construction and all parts of typical 
engine and full system. Outlines all troubles 
causing lost power, misfiring, hard starting, 
noisy operation, smoking, etc. IDEAL FOR 
CLASSROOMS, WORKSHOPS AND GA- 
RAGES. A GUIDE TO LOGICAL TROUBLI: 
SHOOTING. 


Size 25” x 38”. PRICE 50 cents. 


Prepaid to Any Address—Special Price on Quantities 


NORMAN W. HENLEY PUB. CO. 
2 West 45th St., New York 























June, 1938—A Gulf Publishing Company Publication 













PATENTED 


the 







OIL SEAL 


fb MEET the need for an Oil Seal that can be installed 
around the shaft rather than over the end of the 
shaft, GARLOocK has developed the new patented SPLIT- 
KLOZURE. 


As shown in photograph above, the SPLIT-KLOZURE 
is split, or cut open. It is quickly applied by placing it 
around the shaft instead of dismantling the machine 
and sliding the seal over the end of the shaft, as is 
necessary with solid oil seals of the conventional type. 


The SPLIT-KLOZURE is particularly suitable for 
heavy machinery and other installations in which down- 
time is expensive. For ordinary oil seal service we 
recommend the standard, solid GAarLock KLOZURE. 
Write for catalogs. 


THE GARLOCK PACKING CO. 
Palmyra, New York 


Tulsa, Oklahoma 
Los Angeles, Calif. 
Houston, Texas 


GARLOCK 
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HIDDEN 
TREASURE 
FOR 
YOU 
HERE! 


On and muck-covered 
valves, pipes, pipe-fittings and 
pumps may LOOK like Junk 
...- BUT... it is just such 
useless-looking equipment that 
more and more producers and 
refiners are to-day salvaging 
the Oakite way .. . and liter- 
ally saving thousands of dol- 
lars. 

Perhaps your junk pile holds 
hidden treasure, too. Why not 
reclaim it by simple Oakite 
cleaning, and reconditioning? 
One oil company tells us 
Oakite materials have salvaged 
over $20,000 worth of equip- 
ment. Other companies report 
equally worth-while savings. 


PROFIT BY 
OTHERS' EXPERIENCE 


By using the recommended 
Oakite materials you can 
quickly SOAK _ equipment 
clean . . . without hand scrap- 
ing or scrubbing. Much of this 
equipment can be put right 
back into service or placed in 
stock for re-use when needed. 
So successful are these low- 
cost Oakite methods of clean- 
ing that you should know more 
about them. Won’t you write 
us TODAY so we can place 
the data before you, all with- 
out obligation on your part? 


Manufactured only by 
OAKITE PRODUCTS, INC. 


50B Thames St., New York, N. Y. 


ert ified cleanin 


THODS F 





American Schaeffer & Budenberg Instru- 
ment Division. 


APOR RECOVERY SYSTEMS 

COMPANY of Compton, California, 
has underway an expansion program that 
includes the addition of 15,000 square feet 
of shop floor space and the tripling: of 
present office space and facilities. The 
capital outlay for new buildings and ma- 
chinery totals between $25,000 and $35,000. 
According to Frank V. Long, president, 
168 complete Vapor Recovery Systems 
have been installed in the Long Beach 
area in recent months. Orders are being 
booked from Canada, Roumania and Po- 
land, and with the approach of winter in 
the Southern hemisphere, complete systems 
are being installed in Peru, Bolivia, and 
other South American countries. 


. ROY WIDDOES has been appoint- 

ed general manager of By-Products 
Steel Corporation, Coatesville, Pa. Born in 
Coatesville in January, 1895, Widdoes was 
educated at Coatesville High School and 
joined Lukens Steel Company in August 
1912 as a clerk in the time department. 
In July, 1915, he became associated with 
the Reading Railroad but returned to the 
Lukens’ organization later in the same 
year, serving in the purchasing depart- 
ment. In 1929 he was appointed assistant 
purchasing agent of Lukens Steel Com- 
pany. In May, 1937, he joined By-Products 
Steel Corporation as assistant to R. W. 
Moffett, president, and served in that ca- 
pacity until his recent appointment as gen- 
eral manager of the organization. 


ERCY T. OLDHAM has been ap- 

pointed manager of special sales for 
By-Products Steel Corporation, division of 
Lukens Steel Company, Coatesville, Pa. 

Born in Wheeling, West Virginia, in 
September, 1890, Oldham received his ed- 
ucation there and found his first employ- 
ment as assistant county surveyor of Bel- 
mont County, Ohio. He was later field en- 
gineer for Wheeling Corrugating Com- 
pany and Whittaker Glessner Company 
at the Wheeling, West Virginia, and Mar- 
tins Ferry, Ohio, plants, both of which 
are now a part of Wheeling Steel Corpor- 
ation. 

In 1912 Oldham became supervising en- 
gineer with S. Diescher & Sons, consult- 
ing engineers, Pittsburgh, and in December, 
1915, joined Lukens Steel Company as 
assistant construction engineer, serving in 
that capacity until 1925, when he was trans- 
ferred to the sales department as manager 
of flanging sales. He occupied this position 
for several years, later becoming engaged 
in special sales work in which he remained 
until his recent appointment as manager 
of special sales for By-Products Steel 
Corporation. 

He is a member of the American So- 
ciety of Mechanical Engineers and of the 
Engineers Club of Philadelphia. 


ITH its new rolling mill, represent- 

ing an approximate investment of 
$4,000,000, rapidly nearing completion, 
Bridgeport Brass Company, one of the 
largest of America’s independent brass 
mill products manufacturers, swings con- 
fidently into the 1938 scene. 

The new mill covers a floor area of 
about 200,000 square feet and will be de- 
voted to the production in sheet form of 
practically all the copper base alloys. It 
has special significance when viewed from 
two different standpoints. First, its con- 
struction has already given direct employ- 





THE REAL COST 
OF A PACKING 


is determined only by its 


LENGTH OF LIFE 
IN SERVICE. 


FOR THE OIL REFINERY 


we offer 


pPELRD 


PACKING 








For Gasoline, Naphtha 


fos eKe| 
All Distillates of Petroleum. 


Send for A B C CHART of 
Packing Services 
Also 
Free Working Sample. 
State Size and Conditions of 
Service. 


GREENE, TWEED & CO. 


Sole Manufacturers 


109 DUANE ST., New York 


“Safely Girst-”” 


COMFORTABLE TOO 














Favorite Wood 
Sole Shoe of the 
OIL INDUSTRY 


Orders Shipped 
Same Day 
Received 


Consider the many possibilities of serious foot 
injuries facing your employees while at work... 
the costly and annoying service interruptions 
caused by these expensive foot injury delays... 
and the guaranteed foot protection features only 
offered by Davenport Wood Sole Shoes. We 
believe your natural conclusion will be the same 
as countless other employers. And, that is— 
DavENPorRT Woop SoLte SHOES ARE THE COMPLETE 
ANSWER TO BIG SAVINGS IN AVOIDING COSTLY FOOT 
INJURIES. 


ONLY DAVENPORT WOOD SOLE SHOES 
have all these PROTECTION FEATURES 
@ Uppers attached to soles with wire and 

staple stitching. 

Dust-proof gussets, 

Soft, pliable, sole leather counters. 

Seams double stitched with heavy wax 


thread. 
High quality, soft felt insoles. 
WRI TE for our New Low Prices on quantity 
orders: Also Free ‘Davenport Wood 
Sole Shoe Manual”—a reliable guide 
to foot protection for employees. 


F. J. STAHMER SHOE COMPANY 


2351 Boise Ave., Davenport, Iowa. 
World’s Largest Exclusive Mfrs. of Wood Sole Footwear 
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Specify 


OCECO FITTINGS 


your tanks 
deserve the best 


OCECO Fittings 


por LOW ox 


HIGH PRESSURE, 


TANKAGE... 









descriptive literature. — 


THE JOHNSTON & JENNINGS CO. 


885 Addison Road 
Engineering and 


BEAUMONT, TEXAS 


* TULSA, OKLAHOMA - 


OCcCECO DIVISION 


* CHICAGO - 


ANGELES + OAKLAND 


NEW YORK 
LOS 


© Oceco gauges eliminate slip-shod 
wasteful methods. They permit the — 
taking of accurate tank readings, 
without relieving the pressure or — 
exposing the gaugers to fumes—can 

~ beinstalled easily on existingornew 

_ tankage. Readings on OcecoType8 — 
gauges are taken from the tank top _ 
--.on the Type 14 from the ground. | 
Both types are of dependable Oceco 
design... of non-corrosive con- - 

- struction ... and fitted with wipers 
to insure clear vision. Standard sizes 

_ are adapted for use on tanks with 
pressures ranging from less than 
am ounce to 75 pounds. Write for 
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utane-Propane Gases 


PRICE 
$5.00 


A Copy. 


Send Check 


to 


Feature Contents of this Complete 
Reference Work 


A Chronology of Liquid Gas Development; Physical 
Properties of the Liquefied Petroleum Gases; Proper- 
ties of Putane-Propane Mixtures and Relation of 
Properties to Temperatures; Composition and Analyt- 
ical Determination of Liquefied Petroleum Gases; 
The manufacture of Liquefied Petroleum Gas; Trans- 
portation of Liquefied Petroleum Gases; The Use of 
Butane and Propane with Manufactured Gas; Central 
Plants for Butane-Air Service; Central Plants for 
Undiluted Butare-Propane Vapor Service; Liquefied 
Petroleum Gases as Industrial fuels; Appliance Utili- 
zation of Liquefied Petroleum Gases; Bottled Gas Dis- 
tribution of Liquefied Petroleum Gases; Table of flow 
of gas at low pressure through pipe lines; National 
Fire Protection Association’s regulations; Catalogue 
Section; Buyer’s Guide; Directory of Central Plants; 
Bibliography; Index. 
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—Restored perfectly 
with 
SMOOTH-ON No. 1 


BADLY CRACKED PARTS 





ANY a cracked pressure 





cylinder, pump casing, 
steam chest, water jacket, heat- 
er shell, etc., that appeared to 
be a complete wreck has been 
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restored to perfect usefulness 
with Smooth-On No. 1—and 


this at a cost of a few dollars in comparison with 
hundreds for disassembling, parts renewal and re- 
assembling that could as- 
sure no better performance. 
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Soft Patch 











SmoothOn, 
SRE REE, 


Hard Patch on 
boiler shell 


















On Cements will find 
in the Smooth-On 
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Cracked steam chest 


Smooth-On achieves its 
saving through low repair 
material cost and shorten- 
ing of operating interrup- 
tions. The engineer who is 
not familiar with the application of the Smooth- 











Handbook complete 
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instructions for mak- 
ing these repairs. 
The instructions are 
copiously illustrated 











by diagrams which enable the user to pick the 
most practical application method and do a 
good job quickly and with maximum saving. 
Study the booklet, and then be further prepared 
for an emergency by getting a small supply of 
Smooth-On No. 1. Your first application will 


Cracked intercooler casting. Bolts 
used to pull edges of. crack 
together 


make you a Smooth-On enthusiast. 





SMOOTH-ON MFG. CO., Dept. 11, 570 
Communipaw Ave., Jersey City, N. J. 
Please send SMOOTH-ON HANDBOOK. 


© OO8OO OOOH COOHCOOOOEEOOCS 569 606.606.0686 


i 


Do it wit, SMOOTH-ON 


Get Smooth-On No. 1 in 1- or 5-lb. 
can or 25- or 100-lb. keg from 
your supply house or if necessary, 

direct from us. 


HELPFUL IDEAS 
for ENGINEERS 
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CALL US 


for the following 


TAYLOR FORGE 


PRODUCTS 


Flanges, Weldells, Welding Reducers, 
Welding Tees, Flanged Unions, Special 
Flanges, Orifice Flange Unions, Boiler Noz- 
zles, Welding Neck Nozzles, Spiral Welded 
and Spiral Riveted Pipe. 


PRINCIPAL ITEMS 
STOCKED IN HOUSTON 


THE 


CORBETT-WALLACE 
CORPORATION 


2418 Winter Street 
HOUSTON, TEXAS 


Distributors for 


TAYLOR FORGE & PIPE WORKS 


HOUSTON PHONE: C-5327; L. D. 363 








ment to an average of over 150 men per 
day since May 1, 1937, and provided a total 
of more than 28,300 man days’ work dur- 
ing the past 10 months, and has involved 
the purchase of important quantities of 
building materials and the creation of labor 
in many fields at a time when such ac- 
tivity is needed. More than 1375 tons of 
structural steel, a total of more than 
400,000 bricks, over 28,000 lights of glass 
with a sash area of 50,400 square feet, 
materials for 166,000 square feet of roof 
area and enormous quantities of other 
materials were utilized in the construction 
of the plant and adjoining office and lab- 
oratory building. An equally important and 
substantial outlay has been made for the 
purchase of modern machines, equipment 
and tools. 

Second, it is important as an interesting 
departure from conventional brass rolling 
mill design. The direct flow of materials 
is the integral factor. In addition to al- 
lowing for the use of the most modern 
machinery and equipment available, it is 
planned with an eye to the growing im- 
portance of materials handling in efficient 
plant operation. 

In this respect it is the most thoroughly 
systematized plant yet constructed in the 
industry and follows the straight line 
principle which has proved to be so effec- 
tive in the steel industry. Smooth, contin- 
uous flow of metals throughout all stages, 
from ingots to finished rolls, automatic de- 
vices for handling to insure the utmost 
speed and economy, ready adaptability to 
varying production requirements—these 
are the outstanding features of the mill. 
Every unnecessary movement in the vari- 
ous steps—rolling, scalping, annealing, 
pickling, coiling, slitting, finishing and 











ORROSICN plays no favorites. It never 

fails to find the weak link in the chain; 
the weak spot in the pipe line. When you 
weld with WeldELLS you eliminate all weak 
spots — those which would be attacked by 
corrosion as well as those which might yield 
to mechanical stresses due to expansion. 

This expansion loop in an overhead vapor 
line is an example of this. The 20-inch 
WeldELLS are 3%" thick to allow for corro- 
sion. Welded as only these engineered 
fittings can be welded, every part of this 
line is ready to do 100% battle against stress 
and corrosion, 


With six features that are combined in no 
other welding fitting, WeldELLS are the final 
answer to a long existing need —the need 
for uniformly strong lines with joints that 
never leck—with joinis as strong as the 
pipe — with smooth interiors that cut flow 
resistance — with smooth, sightly, easily 
insulated exteriors. 

The line of WeldELLS and other Taylor 
Forge Fittings contains the largest range of 
sizes, types, and thicknesses. Large stocks 
are carried by distributors serving every 
branch of the oil industry. 


TAYLOR FORGE & PIPE WORKS 
General Offices and Works: P, O. Box 485, Chicago New York Office: 50 Church Street 


yorst WeIGELLS marr iain. 
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loading for shipment—has been eliminated 
to avoid waste of time and effort. 

The added efficiency of the-new rolling 
equipment not only allows the use of 
heavier castings but permits greater ac- 
curacy in the finished rolls. Oil-fired an- 
nealing furnaces add still further to the 
achievement of more accurate standards. 
This modern equipment is typical of every 
operating unit in the mill. The company’s 
management expects. that the mill will be in 
production by mid-summer. 


N. DANNENBAUM COMPANY 

has been appointed sales representa- 
tives for Struthers-Wells Division of 
Struthers-Wells-Titusville Corporation in 
eastern Texas. Headquarters are at 202 
Petroleum Building, Houston. 


TRUTHERS-WELLS Division of 

Struthers-Wells-Titusville Corporation 
has announced appointment of P. H. 
Nicholls as representative in the south- 
eastern states. His headquarters will be 
1008 Norris Building, Atlanta, Georgia. 


Valves and Fittings 


THE WALWORTH COMPANY 


The Walworth Company, 60 East 42nd 
St., New York, N. Y., has just published 
Walworth Catalog No. 89, a new 602-page 
catalog covering the wide line of Walworth 
valves, fittings, pipe and tools. Many added 
features are embodied in the catalog which 
should render it of increased usefulness to 
engineers, contractors, plant superintend- 
ents, purchasing agents and others inter- 
ested in the Walworth line of products. In 
the center, for instance, is a red index per- 
mitting quick reference to each class of 
product listed in the book. Arrows on the 
red index pages point to the section mark- 
ers at the beginning of each classified 
section. The new size makes possible a 
much less bulky format than before, so 
that the book is easier to handle. All of 
the principal items have an_ identifying 
code word for economy in cabling and tel- 
egraphing. The code words in the book 
are all in alphabetical order, so that mes- 
sages can readily be deciphered. 


Among the new sections not contained 
in previous catalogs are: the Marine Sec- 
tion; the Lubricated Plug Valve Section, 
with particular reference to fluids, gases 
and the like, with recommendations as to 
the types of lubricants best suited to them; 
the Walseal Section; the Hi-Test Cast 
Iron Pipe Section; the Fabricated Pipe 
Section, containing information of value 
in laying out piping jobs; the Piping De- 
sign and Engineering Data Section, in- 
cluding many original charts helpful in fig- 
uring the sizes and types of piping neces- 
sary for particular operating conditions; 
and the Soil Pipe Section. 

In order to give the most comprehensive 
information possible on all Walworth 
products, the catalog specifies the type of 
metal used in the various parts of the 
valves and fittings. The Materials Section 
contains information concerning all types 
of metals used in Walworth products, com- 
plete data regarding working pressures as 
well as test pressures; and all the princi- 
pal dimensions normally required either 
for laying out a job or allowing space 
necessary for operation of the valves. 
Copies of the catalog are available to those 
who request them on their company letter- 
head. 











Jur 











Cleaner! 
Lower Cost 





















Pipe Cutting 


with this remarkable RIFEXID 
Wheel-Blade Cutter... 


Because every RIG31D tool is de- 
signed to save you bother and ex- 
pense old-fashioned tools cause you, 
the millions of them now in use 
have saved billions of hours that used to be wasted. 

That’s true of this cutter. The thin bladed 
wheel — coined out of tool steel, hammered, 
heat-treated and assembled in a solid hub — 
has the extra stamina to keep on rolling readily 
cleanly through all kinds of pipe long after 
ordinary cutter wheels need replacing. And the 
housing is guaranteed warp-proof — always cuts 
true, twirls easily to your pipe size. 

Try this tool of the smart buyer and the expert 
user. Save yourself time and expense with the 
RIGID Cutter that gives you far more cuts 
per wheel-blade. Buy from your Supply House 


—now. 


THE RIDGE TOOL CO., ELYRIA, O. 


No More Wrench 
Housing Repairs 












“UNCONDITIONAL GUARANTEE \Y 
If this Housing ever 
Breaks or Distorts we 
will replace it Free. 








That guarantee saves 
you fully 75% of your pipe 
wrench repairs. Buy the RIZAID. 


Rice (PD PIPE TOOLs 


June, 1938—A Gulf Publishing Company Publication 
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Twelve fittings—count them— 
are saved in the installation 
shown above by using an Anderson Super- 
Silvertop steam trap instead of an ordinary 
trap. This saving is due to the unique 
design of Super-Silvertop that permits 
straight-in-line piping or “short-cut” piping, 
instead of run-around piping. 


(| 


In both cases above, the trap is an inverted 
bucket steam trap, but “short-cut” piping 
with Anderson Super-Silvertop gives a 
worthwhile saving in fittings. 


Another feature of Anderson Super-Silver- 
top design is the longer lever arm which 
permits a larger valve orifice, hence an 
increased trap capacity. Then too, the 
smooth drilled passages insure positive 
handling of dirt and scale. That is why 
no strainer is necessary with Anderson 
Super-Silvertops. 


Find out about the many other savings you 
can realize with Anderson 
Super-Silvertops—write for 
complete details. 





THE V.D. ANDERSON Co. 


1942 WEST 96th STREET e CLEVELAND, OHIO 


You can send me that complete information on Super- 
Silvertops. If it shows me how to save money, I’m 
interested. 
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Y CATALOGS ... BULLETINS 


Helpful Publications Which Manufacturers Will Be Glad to Send Free for the Asking 


Electrical Equipment 


General Electric Company, Schenectady, 
N. Y., has published the following new litera- 
ture covering its electrical equipment items: 
GEA-2170A, Directional Distance Relays, Type 
GCX, Three Phase, Operating on Reactance; 
GEA-2003B, Use The Automatic Oil Circuit 
Recloser for Better Service in Emergencies; 
GEA-2823, High Accuracy Commercial Test- 
ing Instruments; GEA-1929A, 21 Low-Speed 
Drives That Have Been Modernized at a Sav- 
ing with G-E Gear-Motors; GEA 2472, Pyra- 
nol Capacitators for Low-Voltage Industrial 
Applications; GEA-841H, A-C Magnetic 
Switches, Size One, Cr7006-d40, Full-Voltage 
Starter for Induction Motors; GEA-432C, Di- 
rect Current Generators and Exciters; GEA- 
1283A, G-B Cam-Operated Master Switches; 
GEA-2630, New G-E Dew-Point Potentiome- 
ter; GEA-2426A, Type Flo-1-Outdoor Oil-Blast 
Circuit Breakers; GES 1841, Instruments in 
Industry. 


Instruments 

The Brown Instrument Company, Philadel- 
phia, has published a new folder, No. 94-1, 
on the Brown Pneumatic Remote Transmis- 
sion with instant response and with safety for 
remote transmission of measurement and con- 
trol in hazardous locations. Likewise the com- 
pany is distributing Folder No. 80-36 “Jima is 
Right” which explains how Brown flow me- 
ters, by metering steam, water, oil, and other 
fluids, can bring many economies in power 
production. » 


Valves 

Hancock Valve Division, Manning, Maxwell 
& Moore, Inc., Bridgeport, Conn., has pub- 
lished Bulletin 56-7000, illustrating and de- 
scribing the company’s redesigned line of 
forged steel and cast steel valves. Full de- 
scription is included, along with all pertinent 
engineering information. 


Expansion Joints 

EE. B. Badger & Sons Company, Boston, is 
distributing mew literature describing the 
Badger Corrugated Type Expansion Joints de- 
signed for directed flexing and self-equaliza- 
tion. The Bulletin, No. 100 describes briefly 
and illustrates the various kinds of Badger 
Packless Expansion Joints, the history of this 
type of joint, the improvements brought out 
by Badger engineers, how to select the right 
type of joint for a given problem and in- 
cludes list prices, dimensions and weights. 
ba are made in copper and stainless 
steel. 


Packings 

Crane Packing Company, 1800 Cuyler Ave., 
Chicago, Ill., has released a new circular in 
colors on packings for reciprocating and cen- 
trifugal hot and light oil pumps with hard 
and medium hard steel plungers, valve stems, 
and the like. Large illustrations and concise 
descriptions, with engineering data conven- 
iently arranged makes this circular a handy 
guide to those using such packings. 


Tower 

Haveg Corporation, Newark, Delaware, has 
published Bulletin C-1, describing in detail 
and giving constructional data on all types of 
reaction, absorption, fractionating towers 
made of Haveg. Complete information is also 
given on physical and chemical properties. 
This material is used to combat corrosion in 
such equipment as described. 


Tools 

Beaver Pipe Tools, Warren, Ohio, is distrib- 
uting new literature annonncing the Beaver 
Model B, a full range %-inch to 2-inch pipe 
and bolt machine which may be purchased 
complete or in units. Also there is available 
a new condensed catalog of various types of 
pipe tools. 


Equipment 

Ingersol-Rand Company, 11 Broadway, New 
York, has published a new bulletin covering 
single, two, and three-stage Steam Jet Ejec- 
tors for removing air, gas or vapors from 
condensers and vacuum chambers. The 28- 
page bulletin explains the application and 
characteristics of ejectors and illustrates the 
operation and arrangement of all types of 
ejectors with .either surface or barometric 
precoolers, inter and” aftercoolers. The com- 
pany has also published a new bulletin giving 
complete specifications and operating charac- 
teristics of the Cameron Class GT two-stage 
centrifugal pumps. Typical installations of 
these pumps are illustrated and described. 
This bulletin is Number 7067. 


Packing 

Linear Packing & Rubber Company, Inc., 
Philadelphia, has published a complete man- 
ual and data book on mechanical packings. 
References to this manual will enable any 
user of packings to select, quickly and easily 
the kind and type of packing best suited to 
his service and conditions. Sizes, weights, 
footage together with standard packaging 
practice are given. The packings are fully 
illustrated and described in detail, supple- 
mented by a carefully compiled chart of serv- 
ice recommendations. 


Exchangers 

Griscom-Russell Company, 285 Madison Ave- 
nue, New York, has published a 16-pnage bul- 
letin on shell-and-tube heat exchangers. Con- 
struction of a typical G-R Vaneflo exchanger 
is illustrated with references to the advan- 
tageous elements of its design and the ex- 
clusive features of the unit are fully de- 
scribed. Many different designs of stationary 
heads, floating heads, transverse baffles and 
longitudinal baffles are illustrated with state- 
ments of their application. Viscosity charts 
and other useful data are included. 


Bolts 

Victor Products Corporation, 2631 Belmont 
Avenue, Chicago, announces publication of its 
new complete catalog and price list. The 36- 
page volume contains complete information, 
illustrations, specifications and prices on the 
heat- and corrosion-resisting studs, bolts and 
nuts which are manufactured by the company 
in a wide range of metal and alloy specifi- 
cations. 


Safety Devices 

Willson Products, Inc., Reading, Pa., kas 
issued a new catalog of industrial safety de- 
vices. The illustrated catalog covers the com- 
plete line of eye, nose, throat and lung pro- 
tectors, including more than 50 types of gog- 
gles for every conceivable purpose, a dozen 
welding handshields and helmets, seven Bu- 
reau of Mines approved types of dust respira- 
tors, air line respirators, abrasive helmets, etc. 


Flanges 
A. O. Smith Corporation, Milwaukee, Wis- 
consin, has distributed Bulletin 219, which is 
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in June, 1938, issue of REFINER AND NatTuRAL GASOLINE MANU- 
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a highly technical article reprinted from 
“Heating, Piping and Air Conditioning’ with 
the title “Strength and Design of Covers and 
Flanges for Pressure Vessels and Piping,” 
written by T. McClean Jasper, H. Gregersen 
and A. M. Zoellmer of the research depart- 
ment of the corporation. 


Packing 

The Garlock Packing Company, Palmyra, 
New York, is distributing new literature cov- 
ering a new development in his line of pack- 
ings, called the Garlock Split-Klozure, which 
is a patented oil seal which is split or cut 
open and is applied by placing it around the 
shaft much as an ordinary packing ring is 
applied. It can be easily applied without dis- 
mantling the machine. 


Speed Changer 

Allis - Chalmers Manufacturing Company, 
Milwaukee, Wisconsin, is distributing Bulletin 
1266, ‘‘New Horizons in Variable Speed Trans- 
mission,’’ which describes and illustrates the 
company’s newly developed speed changer ap- 
plicable for equipment in industry where sub- 
stantial change in speed is desirable to better 
control production. 


Control 

Leeds & Northrup Company. 4902 Stenton 
Avenue, Philadelphia, has published Catalog 
N-OOB, on Micromax Pneumatic Control. The 
new air-actuated control is presented in a 
12-page bulletin, which concisely describes the 
control and the text is accompanied by large 
illustrations showing design, construction and 
application. The instrument has been proven 
in the field, especially on fractionating towers. 


Refractory Cement 

Quigley Company, Inc., 56 W. 45th Street, 
New York, is distributing Bulletin 322B, on 
Q-Chrome cement, made of selected Rhodesian 
Chromite containing a minimum of silica. The 
bulletin describes its resistance to chemically 
active slags which prevents penetration of 
slag, aiding in prolonging refractory life and 
reducing maintenance costs. 


Boiler Meters 

Bailey Meter Company, Cleveland, Ohio, is 
distributing Bulletin 46, a new 32-page bro- 
chure ‘Bailey Beiler Meters,’’ which contains 
analyses of 7,000 combustion tests and de- 
scribes the Bailey Boiler Meter in full detail, 
showing how it reduces boiler operating costs. 
Separate features included as furnace mainte- 
nance, smoke, ash pit losses or combustible in 
flue gases. 


Sockets 

Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa., has published 
Catalog section 43-600 on Westinghouse Type 
E Socket instruments for outdoor and indoor 
industrial plants. The 20-page,. illustrated 
booklet describes the use of these instruments 
as an accurate and reliable means for deter- 
mining what takes place in electrical systems. 
Application, economic advantages, construc- 
tion details and the selection of sockets and 
accessories are explained. Tabulations and dia- 
grams show styles and list prices. 


Shims 

Laminated Shim Company, Long Island 
City, New York, has published a new folder 
showing methods of securing quick, accurate 
adjustments of mechanical parts in the petro- 
leum industry. The text covers refining and 
allied equipment maintenance problems. 


Roofs 

Johns-Manville, 22 East 42nd Street, New 
York, has revised its book ‘Johns-Manville 
Bonded Built-Up Roofs” to include informa- 
tion on the latest types of built-up roofing, 
and now contains, with its 36 pages, more 
than 40 complete detailed specifications on 
J-M Built-Up Roofs. 


Burners 

National Airoil Burner Company, Philadel- 
phia, has published Bulletin 21, ‘“‘Steam Atom- 
izing Oil Burners,’ for use with heavy fuel 
oil or tar in boilers, stills, and other furnaces 
where compressed air is available for atomiz- 
ing the oil. Photographs and line drawings 
supplement the text, which includes all perti- 
nent engineering information. 


Water Treating 
The Elgin Softener Corporation, Elgin, Illi- 
nois, has published a new edition of a treatise 
on boiler water entitled ‘“‘The Inside Story of 
Boiler Water Conditioning.””’ The purpose of 
this practical bulletin is to explain in simple, 
non-technical terms the conditions most fre- 
quently encountered and to discuss the various 
methods of softening, treating and removing 
concentrations from the boi.er. 





